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Abstract 
Alternative energy technology has been used widely in rural electrification program 
(REP) all over the world for many years now. Renewable energy sources, such as solar, wind 
and biomass, are the preferred choices given the abundant resources available on site and the 
sophistication of the technologies involved. Combinations of two or more of the resources, 
together with an energy storage system and occasionally a conventional energy generator, 
create a hybrid system, which is reliable and durable. In Malaysia, solar photovoltaic (PV) 
base systems, implemented on a large scale, can provide round-the-clock electricity services 
for areas that are inaccessible by the electricity grid network. One of Malaysia’s REP 
initiatives is solar PV-diesel hybrid systems for 160 schools in rural Sabah. The systems have 
been in operation for several years, but studies in the program are limited. Thus, 
understanding the system operation and functional is a highly valuable experience and 
lessons can be learned for implementation of the rural electrification program (REP).  
The overall aim of the research is to evaluate the REP in social, organizational, 
technical and economic aspects of the program that the findings can facilitate the 
stakeholders, such as the policy makers and implementers for current and future approaches, 
measures and decisions on REP activities and initiatives in Malaysia. This thesis has 
described the approaches on investigating the rural school’s electrification program in Sabah. 
Analysis of system operation and function is conducted by examining and evaluating the 
recorded data from the system. A set of technical indicators is introduced in the form of 
system performance indicators and system reliability indicators. Furthermore, comparisons 
are made between the actual system operation and the optimum system configuration based 
on the actual data of the renewable energy resources, electricity energy consumption and 
costs in installation and operation. A field study was conducted at fifteen rural schools that 
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use the solar PV system to determine the effectiveness of the program in transforming the 
rural schools to better learning environments and livelihoods. 
The findings indicate that most system components were found to be in good 
operation, and the operation of the solar PV system agreed to the indicators of system 
performance and system reliability. Additionally, the system reliability indicators can be seen 
as a vital tool not only to identify the values of the system capacity but also for prediction 
measures in analysing the durability of each component.  The analysis of the actual system 
operation provides optimum values in terms of technical indicators, whereas the optimized 
system shows economic advantages. The findings show a high degree of responses from the 
end users in the level of satisfaction, appreciation, motivation and academic excellence. 
Nevertheless, several improvements are required to enhance the sustainability elements of the 
REP, especially from the organizational and governance perspectives. These includes 
effective coordination among the rural development-related agencies, the improvement on the 
transition between installation and maintenance work, efficient reporting process and training 
and awareness program need to be extended to every end user for sustainability in 
information and knowledge.    
Keywords – Rural Electrification Program (REP), solar PV-diesel hybrid system, rural 
schools, Sabah. 
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Nomenclature 
Abbreviation 
AC  Alternating current 
BioGen Biomass Power Generation and Demonstration Project 
BOS  Balance of system 
CC  Cycle charging 
CDM  Clean Development Mechanism 
CER  Certificate emission reduction 
CETREE Centre for Education and Training in Renewable Energy and Energy 
Efficiency  
CF Capacity factor 
CFL Compact fluorescent light 
COE Cost of energy 
CRF Capacity recovery factor 
DC Direct current 
DEO Sabah district education office 
DOD Depth of discharge 
EFB Empty fruit bunch 
ETSI Energy Technologies Sustainability Index 
FAO Food and Agricultural Organization 
FF Fill Factor 
FiT Feed in Tariff 
GHG Greenhouse gasses 
GoM Government of Malaysia 
GSM Global system for mobile network 
GTP Government Transformation Program 
HOMER Hybrid Optimisation Model for Electric Renewable 
ICT  Information and Communication Technology 
IEA  International Energy Agency 
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IEAPVPS International Energy Agency Photovoltaic Power System Program 
IPP  Independent Power Producer 
LF  Load follows 
LLP  Loss of load probability 
MDG  Millennium Development Goal  
MEGTW Ministry of Energy, Green Technology and Water 
MESITA Malaysia Energy Supply Industry Trust Account 
MOE  Ministry of Education 
MRRD Ministry of Rural and Regional Development 
NEDO  New Energy and Industrial Technology Development Organization 
NGTCCC National Green Technology and Climate Change Council 
NKRA  National Key Result Areas 
NOCT  Nominal operating cell temperature 
NPC  Net Present Cost 
OIC  Organization Islamic Country 
PF  Production Factor 
PKS  Palm kernel shells 
POME  Palm oil mill effluent 
PR  Performance Ratio 
PV  Photovoltaic 
PWD  Public Works Department of Malaysia 
RBI  Rural Basic Infrastructure 
REP  Rural Electrification Program 
REPPA Renewable Energy Power Purchasing Agreement  
RESP  Rural Electricity Supply Program 
SDG  Sustainable Development Goal 
SD  Standard deviation 
SEB  Sarawak Energy Board 
SED  Sabah state education department 
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SESB  Sabah Elektrik Sdn. Bhd. 
SF  Solar fraction 
SHS  Solar home system 
SK  Sekolah Kebangsaan (Primary school) 
SMK  Sekolah Menengah Kebangsaan (Secondary school) 
SOC  State of charge 
SREP  Small Renewable Energy Power Program 
STC  Standard test condition 
TNB  Tenaga Nasional Berhad 
UF  Usage Factor 
VLA  Vented lead acid 
VRLA  Valve regulated lead acid 
VSAT  Very small aperture terminal 
WEC  Wind energy converter 
Symbol and units 
A  ampere 
Ah  ampere-hour 
GBP  Great Britain pound sterling 
GW  gigawatt 
GWh/yr gigawatt-hour per year 
km  kilometre 
kVA  kilovolt-ampere 
kW  kilowatt 
kWh  kilowatt-hour 
kWh/kWp kilowatt-hour per kilowatt-
peak 
kW/m2  kilowatt per metre square 
kWh/m2 kilowatt-hour per metre 
square 
kWh/m2/d kilowatt-hour per metre 
square per day 
kWh/m2/yr kilowatt-hour per metre 
square per year 
kWh/yr kilowatt-hour per year 
kWp  kilowatt-peak 
m  metre 
m/s  metre per second 
MW  megawatt 
MWh  megawatt-hour 
MYR  Malaysia ringgit 
toe  tonne of oil equivalent 
TWh  terawatt-hour 
V  volt 
vii 
 
W  watt Wp  watt-peak
Constant 
1 toe  = 11.63 MWh 
1 MWh = 527 kg CO2  
GBP 1.00  = MYR 5.00 
GBP 1.00 = US$ 1.30 
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Chapter 1 : Introduction 
1.1 Background 
Rural electrification is the process, plan, programme or initiative by the government, 
private sector, institution or organization that brings standalone electricity services to rural 
and remote areas, which includes electricity grid network extension as well as off-grid power 
supply systems. People and communities can develop towards modern civilization if 
electricity is made available because it can benefit their lifestyle by improving the level of 
health, education, economy, and technology [1]. Renewable energy technology system is 
recognized as the alternative technology to fossil fuel/nuclear grid electricity network and the 
solar photovoltaic (PV) system is a popular option in off-grid rural areas [2]. 
In recent years, Malaysia has achieved 97.6% of 24-hours electricity access [3]. The 
electricity access coverage in Peninsular Malaysia is the highest at 99.72%, compared to 
Sarawak (88.01%) and Sabah (92.94%). The geographical condition and the low electricity 
energy density demand of the remaining non-electrified areas has made the extension of grid 
electricity networks uneconomical and in some areas impossible.   
The Malaysian government shows high commitment in extending modernization to rural 
areas. The aspiration to reduce the gap in education excellence between urban and rural areas 
has led to the implementation of 160 solar PV-diesel hybrid systems in rural schools in 
Sabah. Seventy-eight systems were installed and started operation during 2009, with the 
remaining systems going online in the time period of 2010–2014.  
The systems have been in operation for several years, but studies on the programme are 
limited. Thus, understanding the system’s operation and function is a highly valuable 
experience and lessons can be learned for the implementation of the rural electrification 
programme (REP), especially for any programmes in the future. This multidisciplinary study 
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examines the past system’s performance and determines the effectiveness of the programme 
in transforming rural schools to have a better learning environment. 
1.2 Problem statement 
The nation’s human capital is the key determinant of Malaysia’s future success in 
achieving a knowledge-based economy [4]. The human capital increases the productivity 
level to face the challenges in the new millennium. The agenda is to build and enhance the 
human capital to be the medium of the national education system. The Millennium 
Development Goal (MDG) was one of the indicators that were used to guide many 
developing countries’ challenges and achievements. Malaysia has achieved most of the 
MDGs by 2005 [5]. The second goal, which was MDG 2 – achieving universal primary 
education – is to guarantee that by year 2015, all the children everywhere in the country are 
to complete primary schooling. Ninety-nine percent of children in Malaysia have completed 
the full course of primary education by 2005.   
The enormous progress in the MDGs’ target globally has led to a more ambitious aim 
through the introduction of the Sustainable Development Goals (SDGs). The Global Goals 
were introduced at the United Nations Sustainable Development Summit in 2015. The SDGs 
is a 15 years agenda (2015–2030), which aims to balance the environmental, social, and 
economic dimensions in fighting against global issues like poverty, health, education, climate 
change, environment, equality, access to electricity, and clean energy [6]. Thus, 17 Global 
Goals (SDG 1 to SDG 17) were committed during the summit, which includes SDG 1: no 
poverty, SDG 4: quality education, and SDG 7: affordable and clean energy.  
The national education policy in the Ninth Malaysia Plan (2006–2010) was planned 
among others to improve primary schools, especially in rural areas, to bridge the education 
gap, and also to enhance the teachers’ profession [4]. The commitment to improve rural 
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education was again emphasised in the Tenth Malaysia Plan (2011–2015) with Sabah and 
Sarawak given top priority. In line with the national target of becoming an advanced nation 
by 2020, the Eleventh Malaysia Plan (2016–2020) would ensure equality in economy, 
improved wellbeing for all, human capital development, green and sustainable growth, 
infrastructures for economic development, and high productivity in services.    
However, despite the success in achieving universal primary education, challenges remain 
in improving the quality of the primary education, not only in the curricular aspect but also in 
improving the schools’ infrastructure to create a conducive learning environment. 
Furthermore, the academic performance of rural students is low compared to students from 
urban areas. One of the reasons for underachievement in academic performance is 
contributed by the teachers’ motivation to be posted in rural schools that lack basic 
infrastructures and facilities [7]. Access to electricity leads to better education, health, and 
water supply [8]. 
Malaysia receives abundant solar energy yearly as it is located close to the equator. On 
average, 4.5 kWh/m2/day of solar radiation is available throughout the entire country. The 
highest irradiation level is received in a region in Sabah with an annual potential of 1,509 
kWh/kWp1 of electricity energy that can be generated from a solar PV system [9]. Thus, the 
solar energy technology system is the preferred resource for electricity generation in off-grid 
areas in Malaysia. 
In 2006, there were a significant number of schools in remote rural areas and isolated 
islands in the state of Sabah, Malaysia that had no access to 24-hours electricity either from 
the electricity grid network or any local standalone power supply generation – conventional 
or alternative resource. There were some schools that used standalone diesel generators with 
                                             
1 kWp (kilowatt-peak) is the rated power of a solar PV system. It represents the most power 
that the system can produce under ideal conditions for solar power production. 
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the capacity of 5 kVA as shown in Figure 1.1, but this system provided unreliable and 
unstable electricity power supply for some hours of the day. The issues and barriers in having 
reliable and durable services from the diesel generator system are due to the problem in 
supply of diesel to the remote areas, higher price of fuel in rural areas, environmental 
pollution concerns, and quality of service and maintenance. These have drawn extensive 
public attention to the need of renewable energy applications such as solar PV power 
systems. 
 
Figure 1.1: Some schools in the rural areas in Sabah have previously used the stand alone 
diesel generator power system. 
 In addressing the need to improve the learning and living conditions in rural schools 
as well as to ensure that rural Malaysians are not deprived of the basic amenities for a better 
quality of life, the Ministry of Education has initiated a large Rural Electrification 
Programme (REP) using the solar PV-diesel hybrid system for rural schools. For instance, a 
total of 160 rural schools in Sabah were installed with the system from 2008 to 2014.  
Figure 1.2 shows the locations of the schools with solar PV-diesel hybrid system all 
over Sabah. Even though the systems have been in operation for several years, knowledge on 
the systems’ performance and the impact of implementing the REP is difficult to be found. 
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Thus, understanding the system’s operation is highly valuable because experiences and 
lessons can be learned from the implementation of the REP. 
 
Figure 1.2: Location of the schools with solar PV-diesel hybrid system in Sabah. 
 
1.3 Research questions 
This study consists of several research questions, which are: 
i) What are the parameters that can define the reliability of a solar PV-diesel hybrid 
system? How can the system’s operation and performance indices be quantified? 
ii) What is the actual load profile of the schools’ energy demand? How does the 
profile vary due to seasonal variations, size of school, and number of occupants? 
iii) Would the investment made by the government (funder) improve the education 
achievement, schools’ facilities, learning environment, and lifestyle of the rural 
schools’ students and teachers/staff? What is the correlation between the teachers’ 
motivation to be posted at rural areas and having 24-hours electricity services? 
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iv) How much does the actual system operation and performance differ from the 
optimized system? 
1.4 Research objectives 
A study to determine the success of the solar home system in Bangladesh was conducted 
by Urmee and Harries [10]. The study highlighted some key success indicators of the 
programme, which included the impact on social, environment, and economy, system 
performance level, increase in energy access, customer satisfaction level, and institutional 
and financial mechanisms. Furthermore, Ilskog and Kjellström [11] used a set of sustainable 
development indicators to evaluate REP in Tanzania, Zambia, and Kenya. The sustainable 
development indicators are technical development, economic development, social/ethical 
development, environmental development, and organizational development. For the long 
term performance of the solar PV system, Díaz [12] observed the load consumption, energy 
productivity, diesel usage, and energy generation strategies. Evaluation of a solar home 
system was conducted by Chowdhury [2] to confirm the specifications of the installation. 
Additionally, technical configuration and business analysis on REP based on a solar PV mini-
grid system had been conducted by Bhattacharyya [13]. Thus, the main aim of this research is 
to conduct a post installation analysis of the REP using the solar PV-diesel hybrid system that 
was installed in rural schools in Sabah, Malaysia. The objectives are defined as below:  
i) To develop an analysis approach to evaluate the REP; 
ii) To investigate, test, and analyse the solar PV-diesel hybrid system’s performance; 
iii) To determine the effectiveness of the REP using the solar PV-diesel hybrid system 
in rural schools in Sabah, Malaysia in the social, education, and organizational 
aspects; and 
iv) To analyse the system’s design and expected parameters with the actual operation 
parameters of the solar PV-diesel hybrid system. 
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1.5 Research novelty 
Due to the nature of this research, a multi-discipline approach based on techno-economic-
socio-organizational studies was adopted to measure and evaluate the impact of the 
implementation of REP in rural schools in Sabah, Malaysia. Several techniques have been 
adapted to meet the research objectives, which involves the technical and engineering 
disciplines, and social sciences. The main technique of the research was on developing a 
system operation and functional analysis method and a compilation of a set of technical 
indicators, which are system performance indicators and system reliability indicators.  
This research provides new insights in evaluating the implementation of REP, as 
described in the list of research novelties as follows: 
a) Post installation system operation and functional analysis 
In recent years, solar PV systems, either standalone or hybrid systems, have been 
recognized as one of the renewable energy technology applications for rural electrification 
[2]. Solar PV systems have been implemented in Malaysia since the early 1980s [14]. 
Researchers have studied the significant potentials and advantages of using solar PV systems 
in view of the technical and economic aspects in comparison with the conventional power 
generation from diesel generators [9], [15]–[19]. They noted that the cost and performance of 
a solar PV system is optimum by combining it with another source like wind energy or diesel 
generator. However, very few studies have demonstrated the operation of an installed solar 
PV system, especially for solar PV applications in Malaysia, such as the solar PV-diesel 
hybrid system for rural schools in Sabah. Even though the systems were in operation for 
some years, literature informing the impact of the systems on rural education and the 
performance of the system is lacking. A new approach in measuring the system’s operation 
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and function was introduced and applied using an analytical method on system performance 
and system reliability indicators.   
b) System operation recorded data as analysis and assessment tool 
Most studies use approximation in selecting data and parameters to model a system’s 
sizing capacity. This had sometimes led to system capacity inaccuracy once implemented on-
site and had caused difficulties to the system engineer in foreseeing the actual performance of 
the system [20]. The engineer has to estimate the energy demand, which is difficult and 
complex and for areas that have never been electrified; this information can be inaccurate 
[12]. It is important to analyse the system’s operation using long term recorded data, which 
could describe the changes if any, in energy demand, system degradation due to aging factor, 
and the influence of each component towards energy balance and supply [21]. However, the 
main problem remains that the availability of long term recorded data is usually incomplete 
or unavailable.  
c) Success indicators of REP sustainable development  
Studies on the experience of using renewable energy technology are also inadequate [22]. 
Determining user satisfaction from their experience in using the system is an approach to 
confirm if the system is successfully implemented. Indicators such as experience before and 
after system implementation, changes in lifestyle, impact on the environment, and changes in 
energy demand are usually found in the literature [10], [22]–[24]. However, compiling data 
only from the users’ point of view does not present the accurate indicator for successful 
implementation of rural electrification using renewable energy technology. Ilskog and 
Kjellström [11] have defined the sustainable development indicators on organizational and 
REP approaches’ point of view. The study by Mainali and Silveira [25] has used the Energy 
Technology Sustainability Index (ETSI) to evaluate the different types of off-grid renewable 
9 
 
energy power supply system technology. Furthermore, a multi-dimensional indicator on 
Sustainable Energy Development Indicators (SEDI) was introduced that assessed the level of 
sustainable development based on comparisons between countries [26]. Thus, this study 
introduces sustainable elements analysis from the programme implementation perspective, 
which includes the stakeholders involved in the programme and the boundary of study 
comprises the planning, installation, operation, and maintenance stages of the programme. 
d) Comparative analysis on actual system operation and optimized simulated system 
This study introduces a new understanding on the comparative analysis approaches of the 
technical and economic analysis on standalone energy supply for rural areas. Previous studies 
were based on the optimization of system operation and configuration, and cost effective 
analysis approaches [13], [16], [27]. In addition to the previous approaches, this research 
applied a system performance-reliability approach based on the actual data on system 
operation and energy consumption. The analytical method for the system performance-
reliability analysis can validate the aforementioned approaches, which addresses the 
questions on reliability and durability of a simulated standalone energy supply system once it 
is implemented.  
Thus, this study used the long term recorded data to examine the past system’s 
performance and conducted field studies at 15 rural schools that used the system to determine 
the effectiveness of the programme in transforming the rural schools to have a better learning 
environment. The experience and lessons learned from this programme is valuable as it can 
be used to construct guidelines for any future REPs using solar PV-diesel hybrid systems. 
1.6 Thesis structure 
This thesis is structured into four parts, which are formed into six chapters that 
accommodates the four objectives of the study as shown in Figure 1.3. 
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  SOFA – System’s Operation and Functional Analysis 
Figure 1.3: Thesis structure and the relation of chapters with the objectives of the study. 
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Chapter 2 : Renewable energy technology for REP in a developing country 
and approaches to evaluate the implementation of the REP 
2.1 Introduction 
 This chapter describes the renewable energy technologies that are used for rural 
electrification around the world. Although the solar PV technology is the focus of this study, 
as it is widely available and abundant, especially in regions close to the Sunbelt, other 
renewable technology systems are also discussed in Section 2.2 for comparison purposes and 
to understand the solutions that are available and have been implemented in off-grid rural 
areas. Review on the challenges and barriers for rural electrification implementation are 
discussed in Section 2.3. Section 2.4 reviews the approaches that have been performed to 
determine the benefits of renewable energy systems for the REP. This chapter is summarized 
in Section 2.5. 
2.2 Renewable energy technology system for off-grid areas 
Renewable energy technology has long been used as the alternative for supplying 
electricity in rural and remote areas that are not connected by the electricity grid network. 
More than 1.4 billion people are still living in areas without electricity, mostly in South Asia 
and the Sub-Saharan Africa region [28] and almost 1.2 billion will still be without electricity 
by 2030 [29]. It is unlikely that an area without electricity can be developed as electricity is 
an important element for modernisation. Geographical conditions, small size of villages, and 
remoteness of locations causes the electricity grid network to be expensive, uneconomical, 
and are not attractive as an investment either for the government or the private sector. The 
cost for extending grid electrification may reach as high as US$ 8,000 – US$ 12,000 (GBP 
4,935 – GBP 7,402) per household [8] and US$ 19,070/km (GBP 11,763/km) for remote 
areas [18]. The diesel generator, although it is cheaper in investment cost and much easier to 
install, raises several concerns, especially on the environmental impact caused by the CO2 
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emission, fuel chain supply, and potential of fuel spillage during transportation and operation. 
Furthermore, the cost of diesel in most remote areas is more expensive than in urban areas. 
Several studies were conducted to present the cost of standalone renewable energy 
technology systems for rural electrification that showed this type of system was the 
preferable solution [18], [19], [30], [31]. A study by Akikur [30] concluded that a grid 
extension of more than 3.07 km would make the Net Present Cost (NPC) of a hybrid solar 
PV-hydropower supply system less than the grid extension as shown in Figure 2.1. This 
makes off-grid renewable energy technology the preferable solution for rural electrification. 
However, the potential may vary by region due to population density [8] and climate 
differences [30].  
 
Figure 2.1: The electrification cost comparison between the extension of the grid system and 
a hybrid solar PV-hydro power supply system for rural areas [30]. 
 
 An overview of the applied renewable energy technology for off-grid rural areas is 
presented in this section. Several systems’ technologies were taken into consideration but 
were not limited only to the solar PV system technology. In instances where there was a 
possibility of having a system that is more efficient, cost effective, and environmental 
friendly, a combination of two or more renewable energy resources that is applicable with the 
conventional power generation was considered.   
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2.2.1 Solar home system 
A solar home system (SHS) is a standalone system of less than 1 kW system capacity, 
which includes solar PV modules to convert the energy from solar radiation to electrical 
energy, a charge controller to regulate the Direct Current (DC) current during charging and 
discharging processes, and a battery system for energy storage. The SHS can be operated for 
both DC and Alternating Current (AC) electrical appliances. In the case of AC electrical 
appliances, the system includes an inverter that converts the DC to AC. Some systems also 
comes with a few (commonly two to three) energy efficient lamps and sockets that can power 
low load electrical appliances like the television and radio, and charging of mobile phones. 
Figure 2.2 shows a typical configuration of a SHS while Figure 2.3 is an example of an 
installed SHS in Laos. 
 
Figure 2.2: A typical diagram of the SHS components, adapted from [32]. 
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Figure 2.3: An SHS in rural Laos [33] 
SHS is considered cost-competitive than extending the grid network [29], [34]. Other 
advantages include a small system capacity of up to 1 kWp system, which makes the 
installation easier because less structures are needed to mount the solar PV panels and a 
smaller space is required to store the battery, charge controller, and inverter. This system can 
be deployed to individual households, and it does not depend on expensive investments to 
install mini grid connections to each house with a bigger capacity and a centralized renewable 
energy system. 
Some success stories of REPs using SHS had been documented with Bangladesh’s 
SHS programmes, which were highlighted as a success. More than 3.8 million SHS units 
have been installed and have benefited thousands of families in rural Bangladesh and thus, 
SHS has become the alternative solution to the energy security issue of the country, as 80% 
of the electricity generation is using natural gas [2], [35]. As SHS can be found in most rural 
areas in all the continents around the world for the last five decades, this makes the system’s 
technology and market more mature compared with the other types of renewable energy 
systems and therefore, has become a popular option for rural electrification [29]. Several 
studies have described the worldwide SHS implementation such as in China, Laos, Mongolia, 
Papua New Guinea [29], Morocco [36], Bangladesh [2], [23], [37], and East Timor [38] with 
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an emphasis on the development of the technology, implementation challenges, technical 
issues, and factors effecting user satisfaction.  
2.2.2 Hydro power 
Hydropower, being a long established and common resource of renewable energy, had 
shared approximately 1,055 GW of the global capacity in 2014 [39]. The capacity of the 
hydropower generation ranges from large to small scale. Issues like high investment cost, 
resettlement of population, and environmental impacts are the major obstacles for having 
large scale hydropower systems [40]. For off-grid rural areas close to river streams, a smaller 
scaled hydropower system can be established for generating electricity.  
Small hydropower schemes are commonly classified into three categories based on its 
capacity, which are mini hydro (less than 1 MW), micro hydro (less than 100 kW), and pico 
hydro (less than 5 kW). For isolated and small density populations, micro hydro and pico 
hydro systems are suitable due to the less complexity in planning, designing, and installation 
work as compared to a mini hydropower system. Furthermore, smaller scaled schemes like 
the micro hydro and pico hydro systems do not require large reservoir areas and in some 
cases it can be integrated with the village’s irrigation system. However, the major drawback 
of this application for remote areas is the unpredictability of the depth and flow rate of the 
river or stream [41]. During the dry season, the river’s depth can become too shallow that it 
hinders the hydropower generator from producing enough electricity. In the wet season, the 
river’s velocity becomes too rapid and furthermore it contains debris that can damage the 
hydropower system. As such, the design of a hydropower system must take into consideration 
its ability to adapt to extreme situations, like the Smart Hydro Power system that uses the 
submerged turbine principle to overcome the problems [42].    
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2.2.3 Bioenergy  
 For thousands of years, biomass has been used by humankind as an energy source. 
For application in rural areas, biomass resources are used for heating, cooking, and 
generating electricity. The resources include agriculture residues, forest residues, animal 
waste, and municipal solid waste. According to the International Energy Agency (IEA) and 
the Food and Agricultural Organization (FAO), bioenergy can be classified into three types, 
which are solid biomass, liquid biofuel, and biogas as described in Table 2.1. 
Table 2.1: Types of bioenergy and its advantages and disadvantages [43]–[45]. 
Types Description Advantage Disadvantage 
Solid 
biomass 
- Traditional usage is by burning 
wood, charcoal, dung and crop 
residues. Mainly use for 
cooking. 
- Modern usage is by improving 
and modernising the biomass 
treatment. Examples are black 
liquor, commercial heat, power 
generation and wood pellet 
heating system. 
- Availability of 
feedstock 
resources 
- Cost competitive 
in processing 
technologies 
- Variety of usages 
- Carbon release 
from open burning 
- Requires a big 
volume of 
feedstock supplies 
- Logistics problem 
due to bad road 
conditions in rural 
areas 
- Resources in rural 
areas are available 
but are distributed 
in small numbers 
that makes the 
collection process 
difficult  
Liquid 
biofuel 
- Resources are from sugar and 
starch, oil seeds and animal fat  
- Product includes ethanol, 
biodiesel, cellulosic ethanol, 
pyrolysis oil, alcohol and algae 
- Mostly used for transportation 
and cooking 
- Simple process of 
distilling sugar 
and starch 
- Availability of 
feedstock 
resources 
- Can be in small 
scale technologies 
- Produces by-
products 
- No smoke is 
produced, hence 
- Limited storage life 
- Safety issues 
- Availability of 
product/technology 
in the market 
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the cooking 
process is clean 
Biogas - Generated from animal waste, 
landfill, sewage slurry and 
agro-food waste through 
anaerobic digestion process 
- Rich in methane gas (40%-
70%), carbon dioxide (30%-
60%), water and other gasses 
like hydrogen sulphide, 
nitrogen ammonia and carbon 
dioxide. 
- Use as a combine heat and 
power producer 
- Availability of 
feedstock 
resources 
- Non-complex 
technology 
- Cost competitive 
- Produce by-
product 
 
- Maintenance issues 
- Safety issues in 
storage 
 
2.2.4 Wind energy system 
 Wind energy can be harnessed from the wind flow using a Wind Energy Converter 
(WEC) that converts the kinetic energy from the wind into electricity energy. The system is 
considered promising and has high potential for electricity energy generation as it is clean 
and emission free [46]. The wind speed is considered as the main influence for electricity 
energy generation and the wind resource varies according to region and location. Thus, for 
low wind speed regions like Malaysia with an average wind speed of less than 4 m/s, the 
application of a wind energy system could be challenging due to the insufficient and 
unpredictable wind resource [9], [47].      
2.2.5 Hybrid renewable energy system 
A hybrid renewable energy system is a system that couples together two or more 
energy sources to make the system more reliable and efficient. Each one of the energy 
sources can compensate for any one of the other energy sources during a low resource period. 
The hybrid system can be made with only renewable energy sources or by combining 
renewable energy sources with conventional sources like a diesel generator. In most systems, 
energy storage is required to store the energy and to be used when the renewable energy 
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sources are low or at the zero level. The hybrid system improves the maintenance 
management process because the power station is centrally installed.   
A typical hybrid system consists of a renewable energy generator like a solar PV, 
wind turbine and small hydro turbine, charge controller, inverter, battery as the storage 
system, and diesel generator as the backup power supply. The two types of hybrid renewable 
energy systems are the DC coupled system and the AC coupled system.  
The power sources of a DC coupled hybrid renewable energy system are connected to 
a DC busbar and the DC power is converted to AC power to be used by domestic appliances 
as shown in Figure 2.4. The electrical power is converted by the DC/AC inverter. A charge 
controller is required to regulate the electrical power (voltage and current) from the solar PV 
array to charge the battery system. An AC coupled system does not require a DC busbar, 
instead all the power sources are connected directly to the AC load by an AC busbar as 
shown in Figure 2.5. The system requires two types of inverters and a charge controller to 
regulate DC power is not required. The inverters are the grid inverter and the bidirectional or 
battery inverter. The grid inverter is used to allow direct powering from the renewable 
resources’ generation to the AC loads. The AC coupled topology has a better performance 
compared to the DC coupled one since each inverter can be synchronized to its generator so 
that it can supply the load independently and simultaneously. The AC coupled system’s 
sizing can be easily extended depending on the future demand growth. Therefore, a larger 
system capacity can be achieved for a wider coverage area [48].  
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Table 2.2 describes the comparison of between the AC coupled and DC coupled 
renewable energy hybrid systems using a solar PV system as the reference. 
 
Figure 2.4: A DC coupled solar PV hybrid system diagram, adapted from [48]. 
 
Figure 2.5: An AC coupled solar PV hybrid system diagram, adapted from [49]. 
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Table 2.2: Comparison between the AC coupled and DC coupled hybrid system. 
AC Coupled Hybrid System DC Coupled Hybrid System 
Uses two types of inverters; grid inverter and 
battery-based inverter.  
Uses one type of inverter; 
bidirectional/battery inverter. 
Size of the DC component can be reduced. A bigger size of DC component is required 
to reduce losses. 
Losses in the DC component, especially 
cables, can be reduced. 
Higher losses in the DC component 
especially the cables. 
Does not require charge controller. Charge controller is required. 
Direct power to AC loads, especially during 
daytime. 
Power from the solar PV is used to charge 
the battery and to run the loads mostly at the 
same time. 
Distance from the solar PV structure to battery 
house, diesel generator house and load can be 
longer. 
Locations of the battery house and diesel 
generator house are required to be as close as 
possible to the solar PV structure. 
Possibilities to combine with more than one 
power source and for integration with the 
electricity grid network. 
Impossible or very inefficient to integrate 
with other power sources. 
  
A solar PV-diesel hybrid system with a storage system is the common technology 
used for a centralized power system for off-grid rural areas, mostly in developing countries 
[30], [48], [50]. The system is configured so that the solar PV is the prime energy generator 
and the diesel generator is the backup should the solar PV and battery fail to supply sufficient 
power to the load. The solar PV and diesel generator can be configured to share the daily load 
ratio. Battery is the energy storage system that performs the charging and discharging 
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processes. The diesel generator, though it is not environmentally friendly, is necessary to 
increase the reliability of the system, because it functions not only to give supply to the load 
but to charge the battery by giving constant charging power for times in which the solar PV is 
unable to perform [18].  
A WEC can be added to the hybrid system, which increases the energy generation 
capacity from renewable sources. Commonly, battery is used for energy storage and the 
diesel generator is optional to be included. This configuration is best used for areas that has 
potential for solar radiation and wind energy. The inclusion of wind turbines reduces the size 
of the solar PV, battery capacity, and diesel generator. In a study by Akikur et al. [30], some 
solar PV-wind hybrid systems that have been installed worldwide were listed. The first solar 
PV-wind hybrid system in Malaysia is located on a tourist island in the east coast of 
Peninsular Malaysia named Perhentian Island. The hybrid system consists of a 100 kWp solar 
PV, 2 units of 100 kW wind turbine, 1 unit of 100 kW diesel generator, and a 480 kWh 
battery bank [51].  
The potentials of the renewable energy system technology in Malaysia are described 
in Chapter 3.  
2.3 Challenges in implementing REP 
 The achievements and benefits of implementing REP that have been widely discussed 
highlights on better electricity services, reduced energy poverty, improvement in living 
standards, and environmental and economic benefits [1], [10], [22]–[24], [37], [52]. The 
availability of 24-hours electricity increases the opportunity for more activities, especially 
during night time. Thus, for example, the usage of the indoor air polluting and health hazard, 
the kerosene lamp, is phased out. However, the biggest challenges of REP remain on how to 
ensure the programme is sustainable and the electricity services reliable. The challenges of 
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implementing the programme can be categorized into three stages, which are planning, 
installation, and post installation as described in Table 2.3. 
Table 2.3: List of challenges in REPs [2], [45], [52]–[60]. 
Implementation 
stage Challenges Description 
a) Planning 
stage 
- Implementation model 
 
 
 
- Adequate information 
from site assessment 
 
 
 
 
 
 
- Organizational 
management and 
governance 
 
 
 
 
 
 
 
- Knowledge 
 
 
 
 
 
- Financial scheme and 
tariff rate 
 
 
 
 
 
 
 
 
 
- Local conditions 
 
 
- Less than feasible implementation model 
for sustainability, especially if the 
programme or project is government-
subsidized. 
- Most load demand assessments are 
conducted based on the assumptions 
about the hourly use of each appliance in 
a day. This approach is a common 
practice as the real load demand is rarely 
available on-site. Thus, this could 
sometimes lead to an oversized or 
undersized system capacity. 
- Several stakeholders, such as the 
government and private companies (e.g., 
utilities), may be involved in several REP 
initiatives, which could lead to problems 
in coordinating them. Some may take 
credit for political mileage. Commonly, it 
is the quantity of the implemented system 
that is highlighted the most, while the 
quality of services, once a system is 
operational, is neglected.  
- The concerned stakeholders, especially 
the consultants and project implementers, 
must have sufficient know-how in 
designing a system by adapting the social, 
economic and technology aspects, as 
appropriate. 
- Conflicts abound between making returns 
on investments, particularly if a project is 
privately financed, and ensuring 
affordable tariff rates, which customers 
can pay, as most communities in rural 
areas are poor. Although there need to be 
schemes that are suitable for and 
affordable by the community, financial 
institutions are reluctant to implement 
them in order to avoid the failure of REP 
initiatives.  
- Local conditions, such as the weather and 
geography, must be taken into 
consideration at the very beginning of 
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- Future connectivity 
 
 
 
 
 
 
 
- Land acquisition and 
ownership 
 
 
 
 
- Legal and standard 
issues 
project planning in order to avoid delays. 
Involving the local communities and 
understanding the local culture are also 
essential. 
- Some rural areas will probably be 
supplied with electricity from the grid 
network in the future. It should be 
possible to integrate the chosen 
technology into the electricity grid 
network. Good coordination and planning 
among the electricity utility companies 
are crucial. 
- In many cases, land acquisition and 
ownership issues are challenging and 
time-consuming. The installation of a 
power supply system requires land, which 
could raise public concern and conflict 
with the land owner. 
- Regulation enforcement and product 
standards need to be addressed clearly to 
ensure high quality. Negligence in 
enforcing the regulation can result in a 
poor system performance and will give a 
bad reputation to the renewable energy 
technology as a whole. Costs of 
renewable components do not reflect 
retail prices. Non-existence of standard 
prices as references can be manipulated 
that results in higher rates.  
b) Installation 
stage 
- Logistic 
 
 
 
 
 
 
 
 
 
- Technical  
 
 
 
 
 
- Rural areas, due to their remoteness, have 
improper access and poor road conditions. 
The rainy season could make the roads 
inaccessible and difficult to transport the 
materials to the site. The length of time 
involved in transportation processes 
increases, especially for areas that are 
only accessible by river or sea. These 
conditions can affect or damage products 
if improperly handled. 
- Consultants and project implementers 
must have the adequate knowledge for 
installing the relevant system, as well as 
for the supervision needed to prevent the 
incorrect installation and improper 
handling of equipment by the general 
workers. 
c) Post-
installation 
stage 
- Load uncertainty  
 
 
 
- Energy demand growth is very subjective 
and is difficult to be determined 
accurately, which could lead to 
insufficient energy supplied to the load or 
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- System or components 
failure 
 
 
 
 
- Quality of service 
 
 
 
 
 
 
- Community 
involvement and 
sustainable elements 
 
 
 
 
- End-of-life components 
and discontinued models 
 
 
 
- Payment scheme for 
electricity services, 
operation and 
maintenance 
 
 
 
 
 
 
 
the system’s capacity being overdesigned. 
- The failure of components may disrupt 
the service and create dissatisfaction 
among the end users. The disruption and 
unavailability of components locally may 
affect the entire system if the repair 
process takes too long.  
- Ensuring that a service is high in quality 
is challenging when the isolated nature 
and poor access conditions of rural areas 
are involved. The operator requires 
appropriate training in order to perform 
well and provide a quality maintenance 
service. 
- If the involvement of the local 
community is not defined clearly from the 
beginning, this may lead to power theft, 
overconsumption and uncontrollable load 
use. The relevant local community should 
be provided with a continuous awareness 
programme and appropriate training. 
- Ageing components greatly impacts the 
energy service and supply. Any 
discontinued model should be replaced 
with new components, which sometimes 
have different specifications. 
- Common payment schemes include cash 
sales, credit and fees for electricity 
services. Some communities face 
difficulties in making payments (monthly 
or one-time) due to poverty. It may be 
necessary to extend the payment period 
into a longer term to finance the initial 
cost and reduce monthly commitments. 
This, however, would also result in higher 
cumulative payments for consumers and a 
prolonged return on investment for 
financiers. Some service providers have 
to deal with problematic customers who 
do not make monthly payment, which 
increases administrative costs.    
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2.4 Evaluating the system’s performance and benefits of REP using off-grid renewable 
energy system 
2.4.1 Indicator-based method in REP evaluation 
 Some methods have been designed to evaluate the benefits of REP and to assess the 
sustainability elements of the programme. Indicator-based approaches are commonly used for 
evaluating the performance of energy system technologies, cost benefits, environmental 
impact, improvement in social aspect and lifestyle of the community, and organizational 
capacity. Lhendup [61] and Ilskog and Kjellström [62] have introduced some indicators that 
are used to measure the sustainability level of the REP. The indicators, once identified, are 
then given an allocation of scores/ranks to indicate their sustainability performance. The list 
of the indicators is not specific, however is subject to the aims and scopes of the analysis. For 
example, Lhendup [61] identified 18 indicators to evaluate the different options of standalone 
systems for REP. The criteria of the indicators were based on the technical, government 
regulations, environment, and social aspects. In contrast, 31 indicators were developed by 
Ilskog and Kjellström [62] in the form of 5 sustainability development dimensions, which 
were technical, economic, social/ethical, environmental, and organizational. The method 
gives simplicity and flexibility for the addition or omission of factors depending on its 
relevancy [25], [63]. However, it needs systematic tools for the calculation processes and 
requires detailed analysis on the technical part of the system’s technology [63]. 
 Sustainability performance of energy technologies using the multivariate analysis 
approach can be assessed in the context of the Energy Technology Sustainable Index (ETSI) 
[25]. The sustainability performance evaluates 10 different energy system technologies on the 
basis of technical, economic, social, environmental, and institutional dimensions. The 
formation of 11 indicators within the specified dimensions was normalized for the 
interrelationship analysis on the similarity or deviation of the energy system technologies. 
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However, the analysis lacks in stakeholders’ participation, especially the end user perception 
analysis. Additionally, on-site evaluation and monitoring of the energy system’s operation 
could help to accurately make the indicators.   
2.4.2 System operation and performance assessment 
Several researches that have evaluated and investigated rural electrification projects 
using renewable energy technology were described in the literature. This section discusses 
the research methodological frameworks that are commonly used by researchers in evaluating 
off-grid solar PV system’s performance. 
2.4.2.1 Optimization of system capacity, operation and economic evaluation 
Solar PV technology is commonly the preferred alternative energy solution in off-grid 
rural areas due to its ability to produce clean, environmentally friendly, and secure energy 
resources [15]. However, the cost of implementing the technology is high compared to 
conventional energy sources such as the diesel generator. Therefore, for a bigger capacity and 
centralized solar PV system, it is possible to add other sources for a reliable and cost effective 
system. Hence, studies on optimizing the system, mostly in view of the technical and 
economic aspects were conducted in several literatures. Technical evaluation of off-grid 
renewable energy systems was commonly integrated with economic evaluation as its aim was 
to identify the most suitable system sizing that can meet the energy demand at a minimum 
investment and operation cost.   
Khatib et al. [15] discussed steps to determine the optimum configuration of a hybrid 
system, which were determining the building’s energy demand profile, modelling the 
system’s capacity, and optimizing algorithm for the proposed hybrid system. For a reliable 
hybrid system, the Loss of Load Probability (LLP) of the designed solar PV-diesel hybrid 
system must be less than 0.01. LLP is defined as the ratio of energy deficit by energy demand 
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for a period of time, normally a year. Furthermore, the optimum configuration of the system 
is described as; 
࡯࡭ 		ൌ 	 ࡱࡼࢂ	ሺ࢑ࢃࢎሻࡱࡸ	ሺ࢑ࢃࢎሻ           2-1
   
࡯ࡰࡳ ൌ 	 ࡱࡰࡳ	ሺ࢑ࢃࢎሻࡱࡸ	ሺ࢑ࢃࢎሻ           2-2
  
࡯࡮ 		ൌ 	 ࡱ࡮	ሺ࢑ࢃࢎሻࡱࡸ	ሺ࢑ࢃࢎሻ           2-3
  
where CA, CDG, and CB are the energy capacity of the solar PV array, diesel generator, and the 
energy storage, respectively. The energy capacity of each of the energy generator of a solar 
PV system is the normalized size of the system’s component according to size of the load, in 
terms of average daily energies. EPV and EDG are the daily or annual energy (kWh) produced 
by the PV array and diesel generator, respectively. EL is the daily or annual energy (kWh) 
consumption while EB is the amount of daily or annual energy (kWh) to be stored in the 
battery system. Thus, as mentioned by Khatib et al. [15], the value for CA, CDG, and CB of an 
optimum configuration of a solar PV-diesel hybrid system are 1.2, 0.3, and 0.17 respectively. 
Studies on the economic evaluation of the renewable energy system technology for REPs 
across the globe shows that in comparison with the conventional method of energy generation 
from a diesel generator and/or extending the 24-hours grid electricity network to rural areas, 
implementing the renewable energy technology is more economical [8], [18], [19], [64]–[66]. 
Several parameters have been used in indicating the cost benefits of renewable energy 
systems. The most common indicators to evaluate the systems are as follows: 
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i) Total investment cost 
Total investment cost is all costs that contribute in executing the rural 
electrification project, which includes cost of components and materials, cost of 
delivery and transportation, installation cost, building cost, power distribution 
cost, and consultation service cost. This cost is defined at the beginning of a 
project. 
ii) Operating and replacement cost 
The operating and replacement cost is the sum of the annual operation and 
maintenance (O & M) costs, total fuel cost, and annualized replacement cost 
excluding the annualized salvage value. 
iii) Net Present Cost (NPC) [65], [67] 
NPC is referred to as the system’s life-cycle cost that includes the initial capital 
cost, replacement cost, annual operating and maintenance cost, as well as fuel 
cost and is derived as shown in Eq. 2-4. 
ܰܲܥ ൌ	 ்஺஼஼ோி	ሺ௜,ேሻ         2-4 
where; 
TAC is the total annualized cost (GBP/year),  
CRF is the capital recovery factor, 
i is the annual interest rate (%) and  
N is the project life time in year. 
The CRF is given by the following equation, 
ܥܴܨ	ሺ݅, ܰሻ ൌ 	 ௜ሺଵା௜ሻಿሺଵା௜ሻಿିଵ        2-5 
iv) Cost of Energy (COE) [65], [67] 
COE is the per unit electrical energy cost of useful electrical energy produced by 
a system in GBP/kWh, as shown in Eq. 2-6. 
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ܥܱܧ ൌ 	 ்஺஼ாೌ೙೗೚ೌ೏ೞ೐ೝೡ೐೏        2-6 
where Eanloadserved is the total annual load served by the system in kWh/yr. 
Both NPC and COE are the useful economic metrics with which to compare electrical 
power supply systems. It is desirable to have low a NPC and COE, which determines the 
economic feasibility of a power supply system [65].  
Table 2.4 below describes the overview of technical and economic assessment on rural 
electrification program using renewable energy system technology. 
Table 2.4: Techno-economic evaluation on REP at several regions. 
Location 
System’s description Economic 
analysis 
indicator 
Analysis 
method Reference Renewable 
energy Storage 
Conventional 
generation 
Sarawak, 
Malaysia 
- PV - Lead 
acid 
battery 
 - COE 
- Capital 
cost 
System 
optimization, 
simulation 
[18] 
- Wind 
turbine 
 
Malaysia (no 
specific 
location) 
- PV - Lead 
acid 
battery 
- Diesel 
generator 
- Capital 
cost 
System 
optimization, 
simulation 
[68] 
- COE  
- NPC  
Brazil (8 
villages in the 
northern 
region) 
- PV - Lead 
acid 
battery 
- Diesel 
generator 
- Capital 
cost 
System 
optimization, 
simulation 
[69] 
- Total 
project cost 
 
- COE  
Nigeria (6 
villages) 
- PV - Lead 
acid 
battery 
- Diesel 
generator 
- NPC System 
optimization, 
simulation 
[65] 
- COE  
Bangladesh 
(village) 
- PV - Lead 
acid 
battery 
- Diesel 
generator 
- NPC 
- COE 
- Total 
project cost 
System 
optimization, 
simulation 
[13] 
India (18 
villages) 
- PV - Lead 
acid 
battery 
 - COE System 
optimization 
based on the 
secondary 
data of actual 
project 
[66] 
Indonesia - PV - Lead 
acid 
battery 
- Diesel 
generator 
- COE System 
optimization 
based on the  
[64] 
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- Micro 
hydro 
  - Abatement 
cost and 
savings on 
CO2 
emission 
secondary 
data of actual 
project 
 
 
 The evaluation of the economic analysis showed that the combination of two or more 
renewable energy technologies with conventional power generation from a diesel generator 
was the most common and preferred method in providing reliable power supply for off-grid 
rural areas. Most of the studies used system optimization in assessing the cost benefit analysis 
of a renewable energy system.   
Simulation is a useful tool to determine optimized solar PV systems.                        
Bhattacharyya [13] simulated optimal standalone energy supply using the Hybrid 
Optimisation Model for Electric Renewable (HOMER) software. The techno-economic 
approach based on solar, wind, and diesel fuel energy resources identified the optimum 
energy system of different energy demand scenarios from basic energy demand levels to 
higher demand levels. The cost of electricity was found to be inversely proportional with the 
size of the energy supply system but the investment and replacement costs remains high for 
bigger system capacities. The techno-economic analysis was then integrated into the business 
and organizational analyses to acquire a desirable model that is economically and socially 
benefiting for the villagers. 
Similarly, Hrayshat [16] performed a simulation using the HOMER software to 
determine the optimum design of a solar PV-diesel hybrid system for a house located in a 
rural area in Jordan. The load profile of the house was recorded for a year with the load 
demand varying every month. The summer season (June to September) recorded a higher 
demand compared to the other seasons. The daily solar radiation at the location was between 
4.04–7.47 kWh/m2. The thousands of hourly simulation resulted in an optimized system 
comprising of a 2 kWp solar PV array, a 4 kW diesel generator, and two banks of a 1,400 Ah 
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battery system. For a cost effective system with a low investment cost and minimum COE, 
the ratio of the energy generated from the solar PV and diesel generator was 1.00:3.35, if the 
diesel price was more than GBP 0.104/litre. This configuration could reduce the diesel 
consumption of a diesel generator only system by 18.5% and will indirectly reduce 
greenhouse gases (GHG) emissions.  
Comparative system technologies was conducted by Ajan et al. [19] for the electricity 
demand of a rural secondary school in Nanga Gaat, Sarawak, Malaysia. A diesel generator 
only system, a solar PV-diesel hybrid system without storage, and a solar PV-diesel hybrid 
system with storage were studied. The technical and life cycle cost of the systems were 
analysed and compared using MATHLAB 5.3. The author suggested that a 35 kWp solar PV-
diesel hybrid system without battery storage at the price of GBP 2.58/Wp was the optimum 
system configuration and low life cycle cost, as compared to the diesel generator only system. 
However, the saving of the fuel cost was only marginal for the whole lifetime of the system.  
2.4.2.2 Analysis and assessment of the system’s performance 
The International Energy Agency (IEA) under the Photovoltaic Power System 
programme (IEA-PVPS Task 3) has provided a Guideline for Monitoring Stand Alone 
Photovoltaic Power System [70]. The guideline aims to inform about methods for monitoring 
a standalone solar photovoltaic system, analysing the performance of the system, and 
defining what makes such an installed system successful or unsuccessful. The guideline 
involves several techniques, which are data collection of a set of measurement parameters, 
analysis of the collected data, and distribution of the outcome of the assessment to the 
relevant parties.  
Several studies that evaluated solar PV systems’ operation and performance were 
conducted. Jahn et al. [71] and Mayer and Heidenreich [72] conducted post-installation 
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analysis on hundreds of solar PV system installations (grid-connected and standalone 
systems) using normalized quantities that evaluate the system’s performance and reliability. 
In complement to the guideline [70], several parameters were introduced that indicated the 
actual components’ operation against the component rated capacity. One of the parameter 
was the Performance Ratio (PR) that describes the total losses on the array’s rated output, due 
to the effect of temperature, incomplete utilization of the irradiation, and the system 
components’ inefficiencies or failures. For a standalone solar PV system with backup power 
supply, the value of the Performance Ratio can be low at 0.3 to 0.6 as the energy production 
depends on user energy consumption. Hence, the solar PV array would experience 
incomplete utilization of the available resources from the solar radiation. However, this does 
not mean that the system has a technical problem. 
Jacobus et al. [20] investigated the system performance of a battery-diesel hybrid system 
in a hospital in Sierra Leone. The hospital’s power supply system was upgraded from diesel 
generator only system to a standalone battery-diesel generator hybrid system. The study 
performed analyses on the before and after conditions using recorded data sets, which were 
separated into dry (March 2009) and wet (September/October 2009) seasons. The aim was to 
observe the reduction in operating cost of the hybrid system during both seasons against the 
diesel generator only system that was used previously. The results showed that for both 
seasons, the operating cost reduced significantly as a result of less operating hours of the 
diesel generator due to the utilization of the storage system. Hence, the three components that 
contributed to the operating cost, which were operation, maintenance, and fuel costs, were 
reduced significantly with 37% in the dry season and 64% in the wet season compared to the 
diesel generator only system.  
Another study based on the long term data recorded from an installed system was carried 
out by Díaz et al. [12]. Several villages in rural areas in Argentina that used diesel generator 
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system (16 villages), hydro-diesel hybrid system (5 villages), and solar PV-diesel hybrid 
system (7 villages) were identified. The objectives were to compare the three systems in 
terms of fuel consumption rate, renewable contribution, and evolution of the energy demand 
of the villages. There was significant reduction in fuel consumption for the hybrid system 
compared to the diesel generator only system. However, the load sharing between the 
renewable sources and the diesel power generation was influenced by several factors such as 
unpredictable energy resources, changes in load demand, and system lifetime.  
In another study, Díaz et al. [21] conducted an on-site data collection based on the 
technical and design characteristics of the installed system, the monthly electricity generation 
in kWh/month, and the monthly fuel consumption for the solar PV-diesel hybrid system 
(litre/month). The author concluded that: 
i) The total energy demand did not differ between the two types of systems. It was 
not the technology that limited the energy demand but the electricity appliances, 
family size, and lifestyle of the villagers.  
ii) The solar fraction of the solar PV-diesel hybrid system decreased from 70% in the 
early years of the system’s operation to 35% after seven years due to the 
degradation of the system’s components, especially the battery system. 
iii) The performance of the system was influenced by several factors, which were 
system sizing, quality of the components during installation and maintenance, 
variable load demand, and control strategy of the system. 
A study on system operation using a performance test and observation was done by 
Chowdury et al. [2]. The authors tested the physical characteristics of the installed SHSs in 
rural villages in Bangladesh to determine the level of compliance of the system’s 
specifications. The tests and observations were conducted for the sizing, placement, and 
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performance of the SHSs. It was found that although the implementation was always 
regarded as successful, some obstacles still existed and it happened mostly during the 
implementation phase. The problems as mentioned by the authors were: 
i) Systems were over or under designed and the system’s components were not 
performing according to specifications and guidelines. However, there was no 
correlation between the underperformance of the system’s components with the 
aging of the components. 
ii) Storage of some of the components was not at a proper space, which may cause 
some hazard, health, and security issues. 
iii) No proper and updated documentation on the specifications and guidelines were 
made. 
iv) Continuous technical training was not given to field operators. They were also not 
well equipped with facilities to perform their daily work. 
2.4.3 Identifying and evaluating social benefits 
Determining the user satisfaction towards the renewable energy system tells how well the 
system is accepted by the users. A study by Phuangpornpitak and Kumar [22] was conducted 
to evaluate the level of satisfaction of an island community in Thailand. The levels of 
satisfaction were identified as the attitudes of the villagers towards the energy demand 
supplied by the solar PV-diesel hybrid system, the environmental impact before and after the 
installation of the system, and the new opportunities created within their daily lifestyle. The 
study used reconnaissance survey, questionnaires, and general observation. The villagers 
gave a positive response to the system as their lifestyles were improved. 
User satisfaction could determine the sustainability of SHS in the long run [23]. The 
author evaluated factors that affect user satisfaction with SHS in Bangladesh. The findings 
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showed that the level of satisfaction was influenced by their experience with the system’s 
operation and maintenance such as battery repairs and replacements that occurred regularly. 
Furthermore, a higher level of user satisfaction was achieved (1) if the SHS benefited their 
lifestyle and (2) for those with the experience of using kerosene before the installation of the 
SHS. Furthermore, the study highlighted that: 
‘ … identifying the determinants of user satisfaction, namely the quality of SHS 
equipment, energy savings, and other benefits enjoyed by SHS households, provides 
valuable information for further understanding of the benefits of successful rural 
electrification based on solar PV systems.’ [23]. 
Holtorf et al. [34] mentioned that the understanding of success needs to be extended not 
only by examining how well the system was accepted by the end user, or how much the 
project’s cost would be, but the success needs to be visualised into a framework that can 
measure the degree of success in implementing the REP. The success factors’ framework of 
an SHS project in rural sub-Saharan Africa was developed in a wider scope by listing the 
stakeholders that were involved in the project and defining the self-set goal of each 
stakeholder. The indicators of each success factors were established, which can be quantified 
and measured.  
2.5 Summary 
Reviews of the common system technology for rural electrification around the world 
were discussed and explained. Particularly, for areas that are close to the Sunbelt, a solar 
based technology is the preferred choice and solar PV systems were installed widely. Other 
types of renewable system technologies like hydropower, biomass, and wind energy, even 
though are presented at several installations, are limited due to its location and specific 
resource areas. On the other hand, a centralized hybrid system – an integration of several 
renewable energy resources that are combined with conventional energy generation systems 
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like the diesel generator – provides reliable and durable electricity supply to consumers. 
However, in creating a sustainable rural electrification project over a long period of time, the 
technology based elements are not sufficient.  
Sustaining any REP is crucial and can be achieved by applying the principles of 
fundamental project design [73]. Figure 2.6 describes the elements of sustaining off-grid 
electrification projects. A long term sustainability of the REP is not guaranteed by the 
technical aspect of the technology of choice alone, but the programme’s future also relies on 
the social, organizational, and economical aspects, as well as the local conditions and 
communities of the rural areas. Thus, selecting a high quality design of a system must 
comprise the establishment of a management model, regulations for electricity quality and 
service, and economic model. Local context, local participation, technical expertise, 
management capacity, and financial resource can ensure the sustainability of the services if 
combined together as early as at the project’s planning stage and continued until the end of 
the project’s lifetime. Merging all these elements can provide better electricity services and 
quality of the programme, thus minimising the risk of challenges in implementing REPs. 
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Figure 2.6: Sustainable off-grid electrification project, adapted from [55]. 
 Given the challenges of implementing REPs, and the need to provide quality services 
to the people in rural areas, particularly for rural schools in Sabah, Malaysia, this research 
implements a socio-economic approach and performs a system operation and functional 
analysis on several solar PV systems in schools in rural Sabah. 
 The next chapter provides an overview of Malaysia’s energy sector and its REP. The 
chapter discusses the potential of renewable energy resources as an alternative solution to 
mitigate energy poverty as well as for energy security in Malaysia. The design, system sizing 
and capacity, and configuration of the installed solar PV systems in rural schools in Sabah 
have also been described.   
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Chapter 3 : Overview of Malaysia’s energy sector and its REP 
3.1 Introduction 
Geographically, Malaysia is situated on 1° to 7° North latitude and 100° to 120° East 
longitude. It is made up of Peninsular Malaysia and the states of Sabah and Sarawak on the 
Island of Borneo as shown in Figure 3.1. To the north of Peninsular Malaysia is Thailand 
while its southern neighbour is Singapore. Sabah and Sarawak are bounded by Indonesia 
while Sarawak also shares a border with Brunei.  
 
 
Figure 3.1: Map of Malaysia [74]. 
Malaysia has a rich history dating back to the 13th century. It was a busy seaport for the 
European, Middle East, and Far East traders for hundreds of years. Malaysia was colonized 
by the Portuguese (1511–1641), Dutch (1641–1819), British (1786–1957), and Japanese 
(1941–1945). 
Present day Malaysia emerged from the historical colonisation by the British in the 18th 
century through to independence in 1957 following the formation of the Federation of 
Malaya. Since then Singapore has seceded, but the states of Sabah and Sarawak have been 
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added. The population is over 28.3 million with a growth rate of 1.8% and a median age of 24 
years. 
After independence, Malaysia became a federal constitutional elective monarchy 
practicing parliamentary democracy, led by a King who is elected among the nine Sultans of 
the states every five years. The King is advised by a Prime Minister who controls the 
legislative and executive powers. The government is elected by the people by general 
election, which is held every five years. 
The government comprises of the federal, state, and local governments. The 
federation is formed by 13 states and a federal territory operating within a constitutional 
monarchy. The federal government has the ultimate authority in Malaysia created by a federal 
constitution, which has the executive, legislature, and judiciary control. 
The state government exists in the 13 states led by 9 monarchs; 7 of them are Sultans 
while the others are referred to as the Governor (Yang di-Pertua Negeri). The nine monarchs 
are eligible to become the King of Malaysia. The head of state role is largely ceremonial 
other than the power to appoint the Chief Minister, to withhold consent to dissolve the state 
legislature, and to safeguard the interest of the Malays and the indigenous people, and the 
religion of Islam. They are advised by the Chief Minister who similar to the Prime Minister, 
controls the state legislative and executive powers on issues such as land matters, public 
works, local government, agriculture and forestry, Islamic law, and public holidays. 
The total population of Malaysia was 28.3 million in 2010. It comprises of Malays 
(50.1%), Chinese (22.5%), Indians (6.7%), other Bumiputera (11.7%), and other races 
(0.8%). The main religion is Islam whereby more than 60% of Malaysians are Muslim. 
However, other religions like Buddhism, Christianity, Hinduism, and Confucianism are free 
to be practiced. 
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Malaysia’s economy ranked 28th in the world, based on power purchasing parity and 
its gross domestic product is estimated to be GBP 314.20 billion in 2016 [75]. Malaysia has 
turned from a primary product (rubber and tin) and agriculture country to a manufacturing 
producer and service sector provider. Figure 3.2 shows the five main economic activities that 
contribute to the country’s wealth, which are services, manufacturing, mining and quarrying, 
agriculture, and construction. 
 
Figure 3.2: The main economic activities in Malaysia in 2012 [76]. 
The main economic activities are the services and manufacturing sectors. The activities 
are largely led by developed states such as Kuala Lumpur, Selangor, and Penang. Sectors 
such as agriculture and mining are concentrated at less urbanized states such as Sabah and 
Sarawak.   
3.2 Malaysia energy sector 
Malaysia is rich with mineral resources with oil and natural gas being the two major 
energy resources that contribute to the economy. It is reported that the oil reserve is estimated 
at 5.5 billion barrels, which can last for another 18 years should no new oil fields be found. 
The amount of natural gas, 2.49 trillion cubic meter, will last for 35 years [77].  
7.3%
8.4%
24.9%
3.5%
54.6%
1.3%
Malaysia economic activity in 2012
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Power generation in Malaysia is very much dependant on the conventional resources. 
Oil, natural gas, and coal are the dominant resources used to generate electricity for the 
nation, which produced 82.1% of the total electricity generation capacity in 2014. The biggest 
renewable energy source used is hydroelectric power, which contributes 17% of the total 
generated capacity as shown in Figure 3.3 and Table 3.1.  
 
 
Figure 3.3: The installed electricity generation capacity in 2014. 
Table 3.1: The installed electricity generation capacity in 2014 for Peninsular Malaysia, 
Sabah and Sarawak [78], [79]. 
Resource 
Capacity (MW) 
Peninsular Sabah  Sarawak Total 
Oil and gas 11,988.4 1,034.2 608.0 13,630.6 
Coal 7,056.0 - 480.0 7,536.0 
Hydroelectric 1,899.1 76.9 2,496.0 4,472.0 
Diesel - 487.3 163.0 650.3 
Other renewable 
energy 234.2 52.0 - 286.2 
Total installed 
capacity 21,177.7 1,650.4 3,747.0 26,575.1 
 
51.3%
28.4%
16.8%
2.4% 1.1%
Oil & Gas Coal Hydro Diesel Renewable Energy
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There are three electricity utility companies operating the electricity generation and 
distribution in three different regions in Malaysia. Electricity in the Peninsular is operated by 
Tenaga Nasional Berhad (TNB), while Sarawak Energy Board (SEB) serves electricity for 
Sarawak and Sabah Electricity Sdn. Bhd. (SESB) – a TNB owned company – provides 
electricity for Sabah. Besides these three government’s owned utility companies, the 
electricity generation sector is also shared by some Independent Power Producers (IPPs) 
companies. In 2014, the IPPs contributed 59.7% (12,500 MW) of the total electricity 
generation capacity in the Peninsular as shown in Figure 3.4 [78]. 
 
Figure 3.4: Installed generation capacity and maximum demand in Peninsular Malaysia from 
2010 to 2014 in MW. 
The energy demand increased by 12.14% in 2014 in Peninsular Malaysia compared to 
2010. The total generation capacity decreased by 873 MW in 2014 compared to 2010 due to 
several electricity generation units being phased out. The reserved margin in the Peninsular 
decreased from 37.4% in 2012 to 24.0% in 2014 due to the increase in energy demand and 
the phasing out of several generation units. Even though there is an increase of 35% in the 
electricity generation capacity in Sabah (2010–2014) as shown in Figure 3.5, the region is the 
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second lowest in terms of electricity generation and consumption between the three regions in 
Malaysia, due to its low population density. The lowest electricity coverage is in Sarawak. 
Transitions have been planned for a more efficient power generation by increasing 
energy generation from natural gas and renewable energy and concurrently the dependencies 
on diesel based power generation are being phased out [78]. 
  
Figure 3.5: Installed generation capacity and maximum demand in Sabah from 2010 to 2014 
in MW. 
3.3 Potential of renewable energy resources   
Malaysia is blessed with an abundance of renewable energy resources. This section 
describes the potential of several resources that are available like hydropower, solar power, 
biomass, biogas, tidal wave energy, and thermal energy. 
3.3.1 Hydro power 
Hydropower is the long established renewable energy resource for electricity in the 
country. Currently, as mentioned by [77], a total of 11 hydroelectric power dams are in 
operation with an installed capacity of 4,472 MW of the total electricity generation capacity 
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in Malaysia. Figure 3.6 shows the Sultan Mahmud hydroelectric power station, which 
consists of four 100 MW turbines.  
 
Figure 3.6: Sultan Mahmud hydroelectric power station located in Terengganu, at the east 
coast of Peninsular Malaysia [80]. 
The largest hydroelectric dam in Malaysia is located in Bakun, Sarawak. The 
hydroelectric power station’s capacity is 2,400 MW and it started operation in early 2012. 
Apart from large hydroelectric power dams, several smaller hydro dams like mini hydro, 
micro hydro, and pico hydro are also in operation and these dams provide electricity mostly 
in rural areas. The Government of Malaysia targets to build dams with a 490 MW capacity 
under small hydropower schemes by 2020 [81]. However, a common issue in implementing 
and developing a small hydro is the remoteness of the locations. The only feasible 
development to interconnect into the electricity grid network is to have the power station not 
more than 10 km from the nearest interconnection point.  
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3.3.2 Solar energy 
The average daily solar radiation in Malaysia is 4.5 kWh/m2/day as Malaysia is located 
in the equatorial region. Figure 3.7 shows that the irradiation level for Malaysia is higher 
compared to the Northern hemisphere region such as in Europe. Hence, solar power 
technology is among the most potential renewable energy resource to be utilized as an 
alternative energy to replace the non-renewable resources. This makes Malaysia an ideal 
location for large scale solar power system installations [82]. 
 
 
Figure 3.7: Average annual irradiation [83]. 
The irradiation level varies from the highest spot in Kota Bahru with 1,935.5 kWh/m2/yr, 
to the lowest level recorded in Bangi with 1,487 kWh/m2/yr, as shown in Figure 3.8. Sabah 
has the highest irradiation level than other regions in Malaysia. It has the potential to produce 
1,509 kWh/kWp from solar PV per year [9]. 
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Figure 3.8: Average annual solar radiation in some cities in Malaysia [9], [84]. 
Some studies have been carried out to determine the potential of solar energy based 
technology in Malaysia. The outcome showed that solar PV technology can emerge as a 
significant energy solution both for grid connected system and off-grid system. The potential 
of applying renewable energy systems in rural areas in Sabah and Sarawak is very high with 
solar PV and hydropower being the most promising resources [9]. It is predicted that in the 
year 2050 solar power will share 77% of the total capacity from renewable energy [81]. The 
electricity generation from solar PV grid connected systems is targeted at 854 MW in 2030 
and more than 8,874 MW in 2050. Besides the viability and potential of the solar power 
technology, most Malaysians show positive response towards the implementation of solar 
power as a sustainable energy solution to the country [85]. 
3.3.3 Biomass and biogas 
Malaysia has high potential in getting by-products from biomass and biogas resources. 
Malaysia is the world’s second largest crude palm oil producer and exporter. The by-products 
from the mill are the empty fruit bunch (EFB), mesocarp fibre, palm kernel shells (PKS), and 
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palm oil mill effluent (POME), and these can be used as renewable energy sources. In 2008, 
palm oil mills nationwide produced 20 million tonnes of EFB and due to its multiple 
purposes for other usages by the palm oil plantation such as for mulching, composting, 
burned via incineration, and sold commercially, only 20% can be used for power generation 
with a capacity of 213 MW [81]. For biogas, the potential in 2008 was 217 MW from 58 
million tonnes of POME. Hence, a target has been set that a total of 1,340 MW electricity 
from palm oil biomass waste is to be connected to the grid system in 2030. In addition to that, 
the waste from palm oil biomass energy production is cost-competitive compared with coal 
power production [86]. Eventually, the by-products turn out to be useful and this reduces the 
impact on the environment. 
The biomass resource in Malaysia is not limited to the waste from the palm oil sector, 
but includes municipal solid waste and residues from crops plantations, which are rubber, 
rice, cocoa, sugarcane, and coconut. Municipal solid waste have the potential to generate 378 
MW by 2024 [81]. This is an estimation based on the current total waste collected and 
disposed per day in Malaysia. The disposed waste reaches almost 21,000 tonnes every day at 
179 operating dump sites. In addition to that, a total of 111 dump sites were closed. These 
dump sites could generate electricity from landfill gases. Residues from crops are used as fuel 
to generate electricity power using the cogeneration system. Even though the data estimation 
of electricity generation from the residues show potential, such as the rice husk to produce 
512 TWh of electricity in 2020 and the total energy potential of sugarcane bagasse is 0.421 
million of barrel of oil equivalent (boe) per year based on sugarcane production in 2009, the 
percentage of using the residues for electricity generation is still low [77]. This is due to 
several factors such as lack of technology, insufficient technical skill workers and education, 
expensive feasibility studies, high cost for grid connection to the mills, low electricity selling 
tariff, cheaper cost of fossil fuel in Malaysia, which makes the renewable energy technology 
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less competitive with the conventional electricity supply, and institutional framework flaws in 
implementing the renewable energy policy and initiatives [87]. 
3.3.4 Other renewable energy 
Other renewable energy resources like the wind, geothermal, and wave are limited to 
certain locations. Some applications have been used in a small capacity and some are still 
under the research and development process such as for the wave and geothermal resources. 
A study conducted by Lim and Koh [88] found that several places in Sabah, which are Kota 
Belud and Jambongan Island can possibly generate power from tidal current. A total of 8,218 
GWh/yr of electricity from the tidal current could be harnessed at Kota Belud and Jambongan 
Island, which is equivalent to 7.6% of the total annual energy demand in Malaysia in 2012.  
Hot spring spots at Poring, and Apas Kiri near Tawau in Sabah can produce geothermal 
resources. A recent study by the Mineral and Geoscience Department of Malaysia revealed 
that Apas Kiri hot spring is capable of producing 67 MW electric power [86].  
Although the predicted installed wind energy capacity in the Organisation of Islamic 
Cooperation (OIC), which Malaysia is part of, is to be 11,900 MW in the year 2020 [89], the 
energy potential from wind in Malaysia is not suitable as the mean wind speed is low, not 
uniform, and varies every month [9]. A study on wind energy potential was conducted by 
[47]. Ten meteorological stations were installed in 10 locations all over the country and wind 
speed data were recorded over 10 years (1982–1991) at 10 metres above surface level. The 
annual wind speed frequency distribution is shown in Figure 3.9. The average wind speed for 
all the stations was less than 4 m/s. Only Mersing and Kuala Terengganu showed some 
potential compared to the other locations in Malaysia. The estimated mean wind speed at 50 
metres had been conducted that showed Penang Island (an island at the northern part of 
Peninsular Malaysia) has potential of 2.34 m/s [90]. At 70 metres, the mean wind speed at 
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Mersing and Kuala Terengganu were estimated at 4.24 m/s and 3.43 m/s, respectively [91]. 
For East Malaysia, Sabah was found to have potential for further investigations in wind 
energy development [92]. 
 
Figure 3.9: The annual frequency distribution of wind speed at 10 stations in Malaysia at 10 
metres height[47]. 
Thus, the regions that are suitable for wind turbine that can be operated at low wind 
speeds requires further studies and development [47], [86], [90]. The first installed wind 
power system was a 150 kW wind energy converter at Layang-Layang Island, Sabah. The 
second installation was in Perhentian Island, Terengganu consisting of 2 units of 100 kW 
wind energy converter, integrated with a 100 kW PV system (Figure 3.10). Furthermore, 8 
50 
 
units of WEC with a capacity less than 10 kW were installed at 8 villages in rural Sabah and 
Sarawak [93]. 
 
Figure 3.10: Two units of 100 kW wind energy converter at Perhentian Island in Terengganu. 
3.4 Policies related with renewable energy technology 
Utilising renewable energy resources for electricity generation can be one of the 
alternative solutions to fight against global warming issues in the future [94]. For the last 30 
years, the Malaysian government has developed and implemented several key policies and 
plans to achieve national objectives to mitigate the issues of security, energy efficiency, and 
environmental impact to meet with the rising energy demand [95]. Even though the 
application was first implemented in early 1980s, renewable energy has come to the 
government’s focus to overcome the dependencies on fossil fuel in 2001. It is expected that 
oil reserves will be depleted by the year 2030 if no new oil fields are found [96]. 
The frameworks of Malaysia’s energy policies were constructed within the Malaysia 
Plan, which is a comprehensive blueprint that contains the strategies, policies, programmes, 
and allocations for every five years. The framework for energy development started in the 
Third Malaysia Plan (1975–1980), when the National Energy Policy was announced in 1979. 
The policy was planned to ensure an efficient, secure, and sustainable energy supply that can 
support the nation’s development. This was followed by the Four-fuel Diversification 
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Strategy in 1980, which aimed to pursue a balanced utilization of oil, gas, hydro, and coal. In 
2001, renewable energy was announced as the fifth fuel supply mix in the Fifth-fuel 
Diversification Strategy due to the increasing oil price and climate change concern. In 
support of the Fifth-fuel Policy, the National Bio-fuel Policy, which promotes the demand of 
palm oil as a source of renewable energy was launched in 2006.  
Later on the government introduced more comprehensive policies and action plans in 
promoting green technology and sustainable development as the driver to accelerate the 
national economy. Two main policies that were launched in 2009 and 2010 were the National 
Green Technology Policy and the National Renewable Energy Policy and Action Plan, 
respectively. These policies are in line with the commitment that was made by the Prime 
Minister during the Copenhagen Climate Change Conference – COP 15 in July 2009 that 
Malaysia will reduce an accumulative GHG level up to 40% in 2020 as compared to the 2005 
level. 
In conjunction with the policies and plans for the energy and renewable energy 
framework, several programmes were inaugurated to meet the objectives. Programmes like 
Small Renewable Energy Power Program (SREP), Biomass Power Generation and 
Demonstrations Project (BioGen), Malaysia Building Integrated Photovoltaic Technology 
Application (MBIPV), Centre for Education and Training in Renewable Energy and Energy 
Efficiency (CETREE), National Green Technology and Climate Change Council (NGTCCC), 
Eco Labelling to encourage environmentally friendly products, and Green Township were 
commenced to promote renewable energy utilisation. These programmes are monitored by 
the Ministry of Energy, Green Technology and Water (MEGTW) as the policy formulator. 
The MEGTW is assisted by the Malaysia Green Technology Corporation (GreenTech 
Malaysia) in realizing the programmes’ objectives.  
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The SREP was launched in May 2001 to enhance the use of renewable energy resources 
in the power sector. The objective was to facilitate the implementation of small grid-
connected, renewable energy power plants. The SREP’s target was to connect 600 MW of 
renewable energy power plants to the national grid within the framework of the Renewable 
Energy Power Purchase Agreement (REPPA). REPPA was the legislation issued by the 
government in dealing with the power purchase agreement between power utility TNB and 
private investors for renewable energy projects. Under REPPA, renewable energy electricity 
producers are given a license for a period of 21 years effective from the date of 
commissioning the plant. The SREP allows renewable energy projects of up to 10 MW in 
capacity to sell their electricity output to TNB. However, the programme only managed to 
achieve 3% of the target in 2005. The failure as highlighted by Sovacool and Drupady [87], 
was due to bureaucracy in the application process, lack of monitoring, unattractive electricity 
selling tariff, insufficient knowledge in renewable energy technology, and TNB being 
reluctant to give full support and cooperation. 
The introduction of the BioGen project utilised residues from biomass and biogas for 
grid-connected power generation supply as well as to reduce the GHG emissions from fossil 
fuel. Several biomass power plants are in operation with most of the plants located in the 
state of Sabah. These biomass power plants produced 30% of Malaysia’s palm oil production 
[86]. Initially, the electricity selling rate for the biomass power plant under the REPPA with 
the power utility was at MYR 0.21/kWh2 (GBP 0.042/kWh). Consequently, the income from 
the electricity sales was not attractive enough to sustain the programme and to convince the 
private sectors’ involvement in the industry. However, this was resolved as the Clean 
Development Mechanism (CDM) was applied as part of the Kyoto Protocol. Thus, the power 
producer can receive compensation for reducing the GHG emissions and the levelized cost of 
                                             
2 MYR is Malaysian Ringgit. The currency rate fluctuated from as high as £ 1 = MYR 6.7531 in the year 2006 
to the lowest rate of £ 1 = MYR 4.6181 in the year 2013. For the purpose of this study, the currency exchange is 
kept at £ 1.00 = MYR 5.00. 
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production for the biomass power plant was at MYR 0.139/kWh (GBP 0.028/kWh). On this 
account, Malaysia was the first country to receive the Certified Emission Reduction (CER) 
from the United Nations Executive Board of CDM for its biomass project in Sabah in 2007 
[96]. 
The inclusion of Feed in Tariff (FiT) mechanisms in December 2011, which is part of the 
Sustainable Energy Development Act in 2011, and the establishment of the Sustainable 
Energy Development Authority (SEDA) as the regulatory agency provided attractive 
measures to spark the renewable energy industry in Malaysia. Four renewable energy 
resources are listed under the FiT mechanisms, which are solar PV, biomass, biogas, and 
small hydro. The solar PV system offers the most attractive and highest tariff at RM 0.85–
1.78/kWh (GBP 0.16–0.33/kWh). The total renewable energy installed capacity reached 
376.48 MW in July 2016. Table 3.2 shows the recorded annual electricity generation in MWh 
and the installed capacity of the commissioned renewable energy power plants in 2012 to 
July 2016. The big difference in the electricity generation between 2012 and 2013 is because 
the mechanism was introduced in December 2011 and the quota for the energy producer was 
announced in January 2012. Hence, most power plants with the 2012 quota were 
commissioned after mid-2012. 
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Table 3.2: The annual energy generation (MWh) and installed capacity (MW) of the 
renewable energy power stations in Malaysia between 2012 –  July 2016 [79].  
Year   Biogas 
Biogas 
(Landfill/ 
Agro 
waste ) 
Biomass 
Biomass 
(Solid 
waste ) 
Small 
Hydro Solar PV 
Total per 
year 
2016 
Electricity 
generation 
(MWh) 
2,643.49 4,344.70 5,364.46 6,963.50 8,749.13 46,810.59 74,875.87 
Installed capacity 
(MW) 0.00 1.13 0.00 0.00 0.00 3.34 4.47 
2015 
Electricity 
generation 
(MWh) 
16,626.45 40,267.59 192,372.22 18,090.07 55,406.38 244,784.02 567,546.73
Installed capacity 
(MW) 0.00 7.40 12.00 7.00 6.60 24.04 57.04 
2014 
Electricity 
generation 
(MWh) 
19,772.25 31,844.44 226,196.38 4,347.83 64,549.65 178,329.59 525,040.14
Installed capacity 
(MW) 1.10 0.00 12.50 0.00 0.00 65.02 78.62 
2013 
Electricity 
generation 
(MWh) 
12,217.15 9,477.59 209,407.59 11,144.25 73,032.12 48,632.64 363,911.34
Installed capacity 
(MW) 3.38 3.20 0.00 0.00 0.00 106.81 113.39 
2012 
Electricity 
generation 
(MWh) 
98.11 7,465.40 101,309.87 3,234.52 25,629.78 4,714.01 142,451.69
Installed capacity 
(MW) 2.00 3.16 36.90 8.90 11.70 31.54 94.20 
 
 Table 3.3 provides the summary of the renewable and sustainable energy sector 
related agencies, their roles and responsibilities, and the list of programmes and initiatives 
under the National Green Technology Policy. 
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Table 3.3: The list of agencies related in the renewable and sustainable energy sector, their 
roles and responsibilities, and the initiatives for promoting renewable energy in Malaysia. 
Renewable energy related 
agency 
Roles and responsibilities Programme / initiative 
 
Ministry of Energy, Green 
Technology and Water 
(MEGTW) 
 
 
 
 
 
Energy Commission (EC) 
 
 
 
Sustainable Energy 
Development Agency (SEDA)  
 
 
 
 
Malaysia Green Technology 
Corporation (GreenTech 
Malaysia) 
 
Policy formulator for the 
energy, water and green 
technology sectors. 
 
 
 
 
 
Regulatory agency for 
electricity supply and piped 
gas supply industries. 
 
Statutory body to administer 
and manage the 
implementation of the feed 
in tariff (FiT) mechanisms. 
 
 
Agency under MEGTW to 
support and promote 
initiatives, plans and 
programmes in green 
technology. 
 
i) SREP 
ii) BioGen 
iii) MBIPV 
iv) CETREE 
v) NGTCCC 
vi) Eco Labelling 
vii) Green Township 
 
 
 
 
 
i) FiT 
ii) Conduct training 
programmes for skill 
workers in renewable 
energy and energy 
efficiency. 
 
 
 
3.5 Rural area development program in Malaysia 
Since gaining independence in 1957, the development of rural areas has always been the 
priority agenda of the Malaysian government to fight against poverty, enhance the economic 
growth, and to balance the development between urban and rural areas. The population 
distribution in urban areas increased from 34.2% in the year 1980, to 50.7% (1991), 62.0% 
(2000), and 71% (2010) as reported by [97].  
Infrastructures and human capital are the two basic requirements that can improve the 
socio-cultural and socio-economic qualities of rural communities. Services like road access, 
clean water supply, and electricity will certainly affect the economic growth and quality of 
life and transform the rural communities towards modernisation. For the past 10 years, the 
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government had allocated MYR 41.08 billion (GBP 8.22 billion) for rural development. From 
this amount, MYR 14.47 billion (GBP 2.9 billion) was used to improve the electricity and 
clean water services as shown in Table 3.4. 
Table 3.4: The annual budget for year 2006 to 2015 for rural area development in Malaysia 
[98]–[105].  
Budget 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Rural 
development 
(GBP ‘billion) 
1.14 0.68 0.25 1.26 0.46 1.27 1.0 0.9 0.69 0.56 
Electricity and 
water         
(GBP ‘billion) 
0.06 0.1 0.09 0.13 0.27 0.65 0.64 0.32 0.33 0.3 
Total annual 
budget for 
development 
(GBP ‘billion) 
7.1 9.3 9.62 10.74 10.64 9.84 10.24 9.94 9.3 10.1 
 
The Government Transformation Programme (GTP) was launched in 2010 as an effort to 
improve seven key areas that are designed to make Malaysia a developed and high income 
nation by 2020. The seven key areas, known as the National Key Result Areas (NKRA), are 
derived from solutions of short term needs towards long term issues that are affecting the 
people and require attention from the government. One of the NKRA is improving 
infrastructures, which contains the Rural Basic Infrastructure (RBI) programme. The purpose 
of RBI is to build and improve road access, access to clean water or treated water, 24-hours 
electricity access, and infrastructure maintenance plan. Achievement in the first phase of the 
programme from 2010 to 2012 had benefited a total of 4.5 million Malaysians in rural areas 
[106]. 
3.5.1 Rural Electrification Programme (REP) 
REPs using renewable energy system technologies were also part of the initiatives of the 
government to support the policies. The first implemented renewable energy system – using 
decentralized standalone solar PV system – was in the 1980s by the TNB [14]. In 1995, two 
rural electrification pilot projects, with capacities of 10 kWp and 100 kWp were implemented 
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in Sabah. The projects were supported by the New Energy and Industrial Technology 
Development Organization (NEDO) of Japan [107]. Then, the Rural Electricity Supply 
Program (RESP) and the Solar Home System for 10,000 houses was implemented in 1996. 
Presently, RESP is implemented either using the extension of the grid line to the villages or 
for cases where the locations are very remote, an alternative technology like the solar PV 
hybrid system, solar PV standalone system, generator sets, mini or micro hydro, and wind are 
used. 
In 1998, a trust fund called the Malaysia Electricity Supply Industry Trust Account 
(MESITA) was introduced. The fund provides financial assistance to REPs, and energy 
efficiency and renewable energy programmes. The fund was in part created through the IPPs 
and the electricity energy utility companies, which contributed 1% of their annual audited 
revenue to the fund. To date, almost 60% of the fund was spent on the RESP [108].  
Figure 3.11 shows the nationwide level of electricity coverage after several initiatives 
and projects have been implemented under the REP. The NKRA targeted that by the year 
2015, 99.9% of Peninsular Malaysia residents and 95.0% of residents in both Sabah and 
Sarawak would gain electricity coverage. A total of 54,012 households are to be connected 
using the grid network, solar PV hybrid system, and micro hydro system in 2013 to 2015. 
 
Figure 3.11: Twenty-four hours of electricity access coverage; achievements in 2009 and 
2012, and target by 2015 [106]. 
The organization of the stakeholders that are involved in the REP implementation in 
Malaysia is described in Figure 3.12. The main financier is the Ministry of Finance Malaysia. 
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In general, the REP is divided into two programmes. The Ministry of Rural and Regional 
Development (MRRD) is responsible to provide 24-hours electricity service to the villages, 
which includes households, government and private premises, and street lighting. The 
installation work is awarded to the nominated contractors and after two years of installation 
warranty, the project is handed over to the electricity utility companies for operation and 
maintenance. At this stage, the customers are charged for the electricity consumption that 
they have used at the same price as the normal electricity tariff (GBP 0.044/kWh in the 
Peninsular and GBP 0.036/kWh in Sabah and Sarawak). Part of the operational expenditure 
cost is covered by the MRRD and is payable to the electricity utility companies. On the other 
hand, the Ministry of Education (MOE) focuses on the electrification of school buildings that 
will benefit the students, teachers, and school staff. The detailed explanation of each of the 
stakeholders that are involved in the REP for rural schools is described later in Section 3.7. 
 
Figure 3.12: Organization of the REP's stakeholders. 
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3.5.2 Electricity for education 
In 2006, out of more than 10,000 schools in Malaysia, 809 schools did not have 24-hours 
electricity supply, and these schools were located mostly in Sabah and Sarawak. Electricity 
should be given top priority for schools so that facilities like computers, communication 
system, and lighting can be fully utilized [109], which could improve the learning conditions 
at rural schools. The government has allocated MYR 1.15 billion (GBP 0.17 billion) from 
2006–2014 to improve and enhance rural school facilities like electricity, water system, 
Information and Communication Technology (ICT), teachers’ quarters, and school’s canteen. 
This is to ensure the availability of proper infrastructure for children and teachers at schools 
and to create a conducive learning environment. Four hundred and twenty-nine rural schools 
in Sarawak were equipped with diesel generators in 2008 while 160 rural schools in Sabah 
and 19 rural schools in Peninsular Malaysia were installed with solar PV-diesel hybrid 
system in 2008–2014. Implementation of the solar PV-diesel hybrid system for rural schools 
in Sabah is divided into two phases; 78 schools in 2008 (phase 1) and 82 schools in 2009–
2014 (phase 2). The solar PV-diesel hybrid system’s design and configuration is discussed in 
the next section. 
3.6 Solar PV-diesel hybrid system’s configurations and characteristics 
3.6.1 System’s profile 
The solar PV-diesel hybrid system is uniquely designed to suit the schools’ loading and 
daily energy demand profile. The system relies on the renewable energy through the solar PV 
array, which is used to generate 90% of the total energy required by the school and on the 
battery bank for the purpose of energy storage to supply power to the loads mostly during 
night. The array tilt angle was set to 15° and the array azimuth was 0°, which is referred to 
the South direction. Two types of systems, which are the AC coupled and DC coupled 
system, were used. Seventy-four systems used DC coupled and another 86 systems were 
60 
 
formed by AC coupled configuration. Solar PV is the primary energy generator, which 
supplies electrical energy to the load and charges the energy storage system. The energy 
storage system uses lead acid batteries – flooded vented lead acid (VLA) and valve regulated 
lead acid (VRLA) battery. The diesel generator would function as (1) the backup to the 
system if energy generated from the solar PV or the battery system is insufficient to meet the 
energy demand from the load and (2) any excess energy would charge the battery system. 
The operation of the system would be controlled and the DC voltage would be converted to 
the AC voltage (vice versa for bidirectional inverter) by the inverter system, which is a 
combination of several modular inverters. For the DC coupled system, a charge controller 
would regulate the current generated by the solar PV. A typical 45 kWp solar PV system is 
shown in Figure 3.13.  
The system consists of a 45 kWp solar PV array which is divided into three solar PV 
structures with 15 kWp capacity each. The solar PV arrays are connected into 12 grid 
inverters with a capacity of 4 kW each. Four battery banks, functioning as the storage 
system, are connected in parallel and its total capacity is 6,000 Ah at 48 VDC system voltage. 
The battery banks are connected to the bidirectional inverters via a DC busbar. Six 
bidirectional inverters are used at a 5 kW capacity each. In order to ensure that the system 
can produce sufficient energy to meet the energy demand, a 25 kVA diesel generator is 
added into the system as the backup power supply. The diesel generator is configured to be 
in operation if the State of Charge (SOC) of the battery system reaches 40%. All 
components are connected via an AC busbar through the multicluster box. Meteorological 
data (irradiance, solar PV module temperature, and ambient temperature) is recorded on-site 
and is stored by the data logger (Sunny Webbox). Furthermore, energy generation and 
consumption in terms on power (W), current (A), and voltage (V) are also recorded by the 
data logger at a 15-minute interval daily.  
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Figure 3.13: A typical diagram of a 45 kWp AC coupled solar PV-diesel hybrid system for rural schools in Sabah, Malaysia. 
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Figures 3.14 and 3.15 show the typical configuration and components of solar PV 
system installed in phase 1 and phase 2 of the project.  
Phase 1 (2008) – 78 solar PV-diesel hybrid systems 
   
Figure 3.14: A solar PV with a capacity of 10.23 kWp and the system’s power house at SK 
Kuala Kahaba (left); 1,750 Ah VLA battery bank at SK Pangas (centre); and 2 units of a 5 
kW inverter at SK Kuala Kahaba (right). 
Phase 2 (2010 – 2014) – 82 solar PV-diesel hybrid systems 
   
Figure 3.15: A solar PV with a capacity of 40.32 kWp at SK Matupang (left); a system’s 
power house at SK Tg Paras (centre); and a grid inverter system at SK Sungai-Sungai (right). 
3.6.2 System application 
The system is designed to supply electricity for every building in the schools, i.e. 
classrooms, office, computer lab, teachers’ quarters, student hostel, dining room, guard 
house, and other buildings within the schools’ boundary. Figure 3.16 shows examples of 
school buildings and its surroundings.  
 
63 
 
   
Figure 3.16: Teachers’ quarters at SK Sungai sungai (left), SK Luasong (centre), and a 
classroom at SK Luasong (right). 
3.6.3 System design criteria and characteristics 
Designing a solar PV system that is high in quality and specification and with the latest 
technology available should be taken into consideration of the local context and local 
participation [73]. This approach could guarantee a long term sustainability of any REP. 
Several criteria and characteristics have been defined in implementing the programme. 
a) Future grid electricity network 
Experience from the implementation of the programme in phase 1 showed that some 
rural areas might be connected with the electricity service from the grid network in 
the near future. Thus, the later phase of the implementation used systems that can be 
integrated into the electricity network from the grid should the service is made 
available in the future. This approach could make the system be used until the end of 
its lifetime and the possibility to sell electricity produced by the solar PV into the 
grid network.  
b) System in modular  
Remoteness of the schools and the condition of the access to the areas creates 
challenges and risks, especially in delivering the equipment and components. To 
ease this risk, the system was designed in a modular of 15 kWp and/or 20 kWp per 
solar PV structure. Depending on the schools’ load demand, each school was then 
assigned with a standard system capacity (10 kWp, 15 kWp, 20 kWp, 30 kWp, 40 
kWp, 45 kWp, 50 kWp, 55 kWp, and 60 kWp). For example, a 30 kWp system 
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consists of two solar PV structure of 15 kWp each. This characteristic has made the 
delivery process less difficult and the manufacturing and installation processes 
quicker. 
c) Higher solar PV structure and power house 
The solar PV structure is built at a minimum height of 4 metres from the ground due 
to several reasons. Most of the schools have limited area and sometimes the land is 
shared with the community. The only available space is the playing field, thus using 
the field for the solar PV limits the schools’ activities. Therefore, an elevated solar 
PV structure allows the usage of the area below the structure for school activities as 
shown in Figure 3.17. 
 
Figure 3.17: Badminton court at SK Luasong (left), and a temporary classroom as school 
buildings were damaged by storm at SK Matupang (right). 
Some of the schools are located near riverbanks. In rainy season, which happens from 
November to February each year, the areas are prone to flooding. For example, the 
worst flood at SK Sungai-Sungai was recorded at more than 4 metres high according 
to the conversation with a teacher at the school. Raising the solar PV structure and 
the power house can prevent damage to the system’s components as shown in Figure 
3.18. The power house at SK Sungai-Sungai was raised up to 4 metres high and the 
solar PV structure was built 8 metres high from the ground.   
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Figure 3.18: The solar PV structure and power house at SK Sungai sungai. 
Raising the solar PV structure higher from the ground level could also prevent 
vandalism that could damage the PV modules. 
d) Energy management 
The solar hybrid system was installed in order for it to operate for 24-hours per day 
whereby the power supply is mainly from the solar and the battery systems while the 
diesel generator is a standby system. The battery inverter configuration was set to 
request the diesel generator to run between 40% to 90% SOC3. This could avoid the 
deep cycle of the batteries and thus increase the lifetime of the batteries. In addition 
to that, the generator set is always running at its optimum level; indirectly it reduces 
wear and tear, fuel consumption rate, and increases the life span and efficiency of the 
component. 
All loads would only be turned on when required. All the loads in the school 
buildings would be turned off when there is no occupant in the room, except for 
equipment that needs 24-hours operation like the refrigerator. For the teachers’ 
                                             
3 SOC is the capacity of the battery that can be discharged at a certain period of time. A 100% SOC 
means that the battery is fully charged. 
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quarters, a load limiter device was installed to manage the extra load used by users. 
The electricity will be cut-off automatically when the house/quarters use high loads 
or reach the allowable daily energy used quota. 
3.7 General practices from current program  
3.7.1 List of stakeholders and tasks 
a) Ministry of Education, Malaysia (MOE) 
The ministry funded the REP for rural schools in Sabah by issuing contracts to private 
companies to be the main contractors. The process of implementation includes 
procurement, installation, operation, and maintenance for two years during the warranty 
period. After the warranty period ends, the tendering process for operation and 
maintenance contract would commence. 
b) Public Works Department, Malaysia (PWD) 
The PWD is the government agency that gives support and consultation to the MOE in 
executing the project. Its main tasks include system design, advising MOE in the 
procurement process, and supervision during the installation and warranty period. The 
PWD may also be involved in the operation and maintenance period (after warranty) 
should the MOE decide to want their assistance. 
c) Sabah State Education Department and Sabah District Education Office 
The state and district departments provide support to the MOE and PWD by assisting in 
giving the schools’ information and permission to access those schools. They become the 
middlemen that coordinate and validate reports from the end users. 
d) Contractors 
The contractors are responsible for installing the solar PV-diesel hybrid system as 
specified in the contract and provide warranty support for two years. Operation and 
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maintenance contractors are required to provide preventive and corrective maintenance 
services. 
e) End users 
End users are the schools’ teachers, staff, and students. At least one teacher from each 
school would become the coordinator in reporting system breakdowns and providing 
general information on the solar PV system and renewable energy system technology to 
other end users once they had attended the training session. End users are not required to 
do any repairing job. 
3.7.2 Management and economical practice 
The MOE has full authority on the REP. They are assisted by the PWD in the technical 
aspect and supervision work.  
All expenditures, including the solar hybrid system’s components, powerhouse building, 
distribution system, diesel, and maintenance costs of the system are covered by the 
Government of Malaysia. The end users benefit from the free electricity supply. 
3.7.3 Implementation practice 
The solar PV-diesel hybrid system was designed based on an assumption of the load 
from each school due to the difficulty in determining the exact load consumption as no 
previous data or electricity usage history were available. Solar irradiation data was based 
on the average irradiation value of the region. Site assessments were conducted by the 
PWD before the designing process commenced and the information was validated once 
the installation contracts were awarded to the contractors.  
The monitoring system is based on on-site recorded data from the data logger that is 
installed at each system. A remote monitoring system is not available although it had 
been planned initially but the plan was halted due to communication network issues. 
Most of the schools do not have mobile network coverage. 
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At least one teacher from each school was appointed to do the reporting process for any 
system breakdowns. The appointed teachers would attend a training session containing 
basic information about the solar PV system technology and they are required to give 
brief information to other end users.  
3.7.4 Operation and maintenance practice 
The operation and maintenance process is divided into two stages. The first stage 
commenced after the system is installed. This stage occurred during the warranty period. 
The contractors were responsible to provide maintenance services and warranty to the 
system’s components for two years. The MOE would then call for new maintenance 
contract after the warranty period has expired. 
3.8 Summary 
Evidence on renewable energy resources described in this chapter shows the potential of 
the renewable energy system and that it can be part of the national energy generation mix for 
a long time. Solar energy shows an emerging potential to become the number one renewable 
energy resource in Malaysia compared to other resources due to its abundance and 
availability in the entire region.  
Reducing the dependency on fossil fuel based resources has become the main priority of 
the Government of Malaysia in line with the target made by other nations globally in 
mitigating energy security. Figure 3.19 shows the evolvement of the various developments in 
the energy and renewable energy policies and plans in Malaysia from 1979 to the present day. 
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Figure 3.19: The evolvement of the energy development framework in Malaysia from 1979 to 
the present day. 
From Figure 3.19, it can be highlighted that the objectives of the energy policy in 
Malaysia has evolved from providing efficient and secure energy supply, to reducing the 
dependency on oil and to move to environmentally friendly resources mix that mitigate the 
environmental impacts due to the usage of fossil fuel. Initiatives, plans, programmes, and 
awareness in promoting renewable energy technology have been widely implemented in 
many years but there exist challenges and risks that have caused some policies to become 
unsuccessful in the past.  
On the other hand, implementing renewable energy technology for electricity services in 
off-grid rural areas is regarded as an approach that is used to fight against poverty, enhance 
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the economic growth, and to balance the development between urban and rural areas. 
However, planning, initiatives, and strategies in REP for communities or villages need a 
longer time for its complexity to be implemented due to its remoteness and isolated location. 
Thus, electrifying rural schools was given the top priority to balance the gap in academic 
excellence between urban and rural areas and to improve the learning and living conditions at 
the specified schools. Though the systems have been in operation for some years, 
understanding the system’s operation, user experience, and economical aspect of the 
programme is highly valuable.  
Therefore, the next chapter discusses the methodologies for determining the impact of 
the programme on the social and educational environments in the rural areas as well as the 
REP’s organizational point of view. Furthermore, approaches in obtaining responses from the 
stakeholders on their involvement in the programme are discussed. Methodology to 
investigate the system’s performance and the cost benefits of the programme are also 
discussed in Chapter 4. 
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Chapter 4 : Methodology for data collection, measurement and analysis 
4.1 Introduction 
This chapter describes the research methodology used in this study and the approaches in 
data collection, measurement, and analysis. The tasks in designing the sample size of the 
solar PV-diesel hybrid system is presented in Section 4.2. This is continued by addressing the 
methods in determining the impact and sustainable development of the REP, which is divided 
into three sections. The social science approaches in conducting the questionnaires to assess 
the social and organisational aspects of the programme is presented in Section 4.3. 
Development of the system’s performance tools for the system performance and reliability 
indicators is contained in Section 4.4.  Section 4.5 provides the techno-economic evaluation 
approaches of the REP. All the three methods were implemented on-site as explained in 
Section 4.6. Finally, the chapter is summarized in Section 4.7.  
4.2 Sampling design 
The target population has to be sampled because it is difficult to perform data collection 
from every single respondent in the population due to funding and time limitations. However, 
the sample design has to be complete and accurate so that it can represent the characteristics 
of the population as a whole [110]. In this study and for its multidiscipline approach that 
involves human participation and analysis of the system’s operation, the population is the 
schools that were provided with the solar PV-diesel hybrid system in Sabah. The sample of 
the population is determined and explained in the following subsection.  
4.2.1 Sample size 
In determining a sample size, several factors were considered for precision and accuracy 
of the data collected and for keeping the sampling error minimum. The factors that affected 
sample size were effect size, homogeneity of the study’s participants, risk of error, and rate of 
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participant attrition expected during the study [111]. Thus, proper planning is needed to 
achieve and optimise the results and findings. In addition to that, subpopulations within the 
sample should be considered when selecting the sample size [112].  
The number of the sample was derived from the formulated equation as below [113]: 
ࡺ ൌ ࢖࢙ࢗࢋሺ࢖ሻ૛                4-1 
where N is the sample size of the population, se(p) is the standard error of proportion, p is the 
ratio of the population that shares the characteristics of interest, and q is the ratio of the 
population that does not share the characteristics. Hence, by using Eq. 4-1 the sample size of 
the solar PV-diesel hybrid system can be determined. The total number of schools in the state 
of Sabah is 1,084 and the numbers of solar PV-diesel hybrid systems are 160; hence, the 
value for p is 0.148, i.e. 160 systems divided by 1,084 schools. If the desired standard error is 
to be 5%, the sample size N would be 50 systems. Due to the constraint in cost and time to 
execute the field work, the error was kept between 9%–11% with a sample size of 10–16 
systems.  
4.2.2 Research scope and location 
Initially, 18 schools were randomly selected from the list that was generated by 
Microsoft Excel. Additional schools were included in the list as reserve samples, should 
difficulties occur throughout the study, especially during field work. Factors like accessibility 
to the school, time, financial constraint, and quality of recorded data were considered at the 
early stage of the planning. The sample of the schools was categorized into several 
categories, which were system capacity, geographical conditions, and year of operation. The 
schools were sampled using a stratified sampling method as it is useful in determining not 
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only the total population of the systems, but also to ensure that the population is defined in 
several homogeneous subgroups [114].  
The selection of the sample from the systems’ population should contain the subgroups 
that can present an exact condition of the systems installed. Each school had been assigned 
with a unique ID for the sampling processes. The systems were installed with a standard 
capacity depending on the school’s load demand. The capacity of the solar PV ranged from 
10 kWp, 15 kWp, 20 kWp, 30 kWp, 40 kWp, 45 kWp, 50 kWp, 55 kWp, and 60 kWp. The 
systems were then categorised into the following descriptions that classified the systems into 
its system capacity subgroup: 
i) Category 1 for systems ranging from 10 kWp to 20 kWp of solar PV 
panel sizing, 
ii) Category 2 for systems ranging from 21 kWp to 40 kWp of solar PV 
panel sizing, and 
iii) Category 3 for systems ranging from 41 kWp to 60 kWp of solar PV 
panel sizing. 
It was also important that the systems to be categorized within the system’s capacity 
subgroups as the systems are spread over Sabah in 19 districts, have different types of 
geographical conditions, and started operation in different years. Hence, the sampling of the 
system’s population can be described as shown in Figure 4.1. 
74 
 
 
Figure 4.1: Sampling process of the population. 
As shown in Table 4.1, more than half of the systems are under the capacity of Group 1. 
Group 2 and Group 3 system capacities consisted of 32% and 13% of the systems, 
respectively. This can be explained as 95.6% of the schools are in the primary school 
category with a small number of students, school staff, and school buildings.  
Table 4.1: Number of schools by system capacity category. 
System category Number of schools % 
10 kWp - 20 kWp 88 55% 
21 kWp - 40 kWp 51 32% 
41 kWp - 60 kWp 21 13% 
TOTAL 160 100% 
 
 Sabah is formed by five divisions, which are Tawau, Sandakan, Kudat, West Coast, 
and Interior Division. Figure 4.2 shows the map of Sabah and its districts. 
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Figure 4.2: The Sabah state map and its districts. 
The divisions consist of 23 districts. Out of these districts, rural schools without 
electricity in 19 districts were installed with the solar PV-diesel hybrid system. Beluran 
district is the second largest district in Sabah with an area size of 8,345 km2 [115]. It has the 
highest number of systems installed at 15%, which involves 24 schools in total. Ranau district 
comes second with 23 schools, followed by Keningau and Sandakan at 10% each (Figure 
4.3).  
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Figure 4.3: The numbers of solar PV-diesel hybrid systems in percentage by districts. 
Due to the lack of information on the description of the geographical conditions of the 
mainland’s systems’ locations, the systems were divided into two geographical categories, 
which were land and island. Out of all the systems installed, 122 systems were located in the 
mainland. Semporna and Sandakan districts have the most systems installed on an island with 
10 and 9 systems installed, respectively, as shown in Figure 4.4. 
 
Figure 4.4: The location of the systems installed according to geographical categories. 
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Another subgroup category is the year of operation. All the systems were categorized 
according to the year of commissioning. This is because the programme was implemented in 
two phases. The first phase started in January 2008, which involved 78 schools and all the 
systems were in operation a year later. The implementation of the second phase started in the 
year 2010 and was finished in 2011 for 50 systems and 2012 for 14 systems. The remaining 
18 systems were in the additional list of schools under the second phase. The installation 
started in 2013 and the systems were in operation in 2014 (Table 4.2). 
Table 4.2: Lists of systems by year of operation. 
Year of operation 
Year Number of schools % 
2009 78 49%
2011 50 31%
2012 14 9%
2014 18 11%
TOTAL 160 100%
 
Finally, a list of the schools was formed that contains the criteria and categories of each 
subgroup as shown in Table 4.3. The selection of the schools, apart from to ensure that it 
follows the population characteristics, should also consider the availability of the system 
operation recorded data. Data was unavailable for systems from the first phase, i.e. for 
systems that started operation in the year 2009. However, it was still useful to have the 
systems in the sample list. Even though data loggers were installed at every system in the 
second phase of the programme, the availability of the recorded data was unpredictable due 
to several factors: 
i) Data logger was wrongly configured, 
ii) Data was not recorded when the system has power failure, and 
iii) Data logger experienced malfunction 
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Table 4.3: List of the eighteen schools and the solar PV-diesel hybrid systems capacity. 
No. School name District 
Geographical 
(*elevation from 
sea level) 
Year 
operation 
Capacity 
Solar 
(kWp) 
Grid 
Inverter / 
Bidirection
al inverter 
(kW) 
Battery 
(Ah) 
Genset 
(kVA) 
1 SK KUALA KAHABA KENINGAU 
LAND 
(387 m) 2009 10.23 12 1750 16.5 
2 SK PANGAS KENINGAU LAND (408 m) 2009 10.23 12 1750 16.5 
3 SK LUASONG TAWAU LAND (62 m) 2011 31.08 32 / 20 4500 24 
4 SK LABUK SUBUR SANDAKAN 
LAND 
(4 m) 2011 20.16 20 /15 3000 13 
5 SK KENANG KENANGAN TONGOD 
LAND 
(38 m) 2012 19.98 24 / 15 3000 20 
6 SK LITANG  KINABATANGAN 
LAND 
(13 m) 2011 20.16 20 /15 3000 13 
7 SK GOLONG  BELURAN LAND (11 m) 2011 30.24 32 / 20 4500 24 
8 SK LUNG MANIS SANDAKAN 
LAND 
(51 m) 2011 41.29 44 / 30 6000 30 
9 SK MATUPANG  RANAU LAND (216 m) 2011 40.32 44 / 30 6000 27 
10 SK PORING TUARAN LAND (836 m) 2009 14.96 13.7 / 10 1500 12 
11 SK TANJUNG PARAS  
LAHAD 
DATU 
ISLAND 
(10 m) 2011 31.08 32 / 20 4500 24 
12 SMK TIMBUA RANAU LAND (38 m) 2011 60.48 64 / 45 9000 33 
13 SK SUNGAI SUNGAI BELURAN 
LAND 
(17 m) 2014 60.06 60 / 45 9000 30 
14 SK RUNGUS NAHABA RANAU 
LAND 
(614 m) 2011 20.16 20 /15 3000 13 
15 SK TAGIBANG KOTA MARUDU 
LAND 
(272 m) 2012 20.16 24 / 15 3000 20 
16 SK KERAMUAK TELUPID LAND 2011 30 32/30 4500 24 
17 SK PULAU PABABAG SEMPORNA 
ISLAND 
(4 m) 2009 20 20 3500 27 
18 SK PULAU SUMANDI SEMPORNA 
ISLAND 
(4 m) 2011 30 32 / 20 4500 24 
Note: SK represents primary school while SMK represents secondary school. 
4.3 Assessment on the social and organizational aspects 
4.3.1 Overview of the methods 
 In social science studies, research methods are categorised into three, which are 
quantitative, qualitative, and mixed method. Both quantitative and qualitative methods are 
different in regards to data sampling, data collection, data analysis, and their outcomes. 
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Depending on the research’s perspective, some research may include both the methods that 
can neutralize any limitations and biases that are inherent in both methods [116]. The 
approaches in determining the research design can be described as shown in Figure 4.5 that 
includes elements of inquiry, approaches to research, and the design processes. 
Elements of inquiry  Approaches to research  Design processes 
of research 
 
 
 
 
 
 
 
 
 
 
Figure 4.5: Approaches and the design processes in research, adapted from [116]. 
4.3.2 Qualitative and quantitative methods approaches  
The qualitative method is an exploratory approach that explores attitudes, behaviours, 
and experiences through interviews, focus group discussions or participation/observations 
[117]. It takes less participation for it is an effort to gain comprehensive opinions from 
respondents and to understand the reasons, opinions, and motivations of the research.  
The quantitative method is more statistical and structured than the qualitative method. 
The aim is to develop knowledge by quantifying trends, attitudes, opinions, and behaviours 
[116], [117]. The results are constructed from a larger sample of population and the process 
of collecting data is quicker than in qualitative research. Some common approaches include 
surveys, structured questionnaires or interviews, systematic observations, and experiments.                             
4.3.3 Questionnaires design and structure 
As described in Section 4.3.1, the first step in conducting a survey is to develop a 
questionnaire, which involves several tasks like planning, reading, designing, and pilot work 
Alternative knowledge 
claims 
Strategies of inquiry 
Methods 
Qualitative 
Quantitative 
Mixed methods 
Questions 
Theoretical lens 
Data collection 
Data analysis 
Write up 
Validation 
Conceptualized 
by the 
researcher 
Translated into 
practice 
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[118]. Several methods can be found from the literature describing how a survey can be 
conducted. Among the common survey methods that use questionnaire as the medium of 
interaction with the respondents are interview, questionnaire by mail, self-guided 
questionnaire, and group-guided questionnaire [118]. Interview, and the self and group-
guided questionnaire methods are effectively being conducted for surveying in developing 
countries for its low cost and flexibility as compared to other methods like phone interview 
and mail questionnaire [113].  
 Various studies have been carried out to determine the success factors of 
implementing the REP and to evaluate the sustainable values of the programme. 
Phuangpornpitak and Kumar [22] and Murni et al. [24] assessed the impact factors of the 
social aspect to identify the level of user satisfaction and the benefits of the REP to the end 
users. Hirmer and Cruickshank [119] created five pillars of user-values framework for REP 
acceptance in ensuring the sustainable scheme of the programme. The pillars were functional, 
social significance, epistemic, emotional, and cultural values. Urmee and Harries [10] 
evaluated the success level of an SHS programme in Bangladesh. The study conducted 
surveys on the stakeholders of the programme. The stakeholders were the end users, the 
project owner/funder, the implementing agencies, and the contractors/installers. Furthermore, 
Holtorf et al. [120] described a comprehensive model to evaluate the success factors of an 
SHS that combined the level of success of the individual and the overall implementations. 
Thus, the construction of the questionnaire’s structure starts with determining the impacts of 
the REP for rural schools on each stakeholder by identifying the elements of their expectation 
towards the programme. Then, these elements were described and measured using quantified 
measurements (rank) that determine the level of each factor. Figure 4.6 demonstrates the end 
users’ impact factors, expectations, and measurable elements. Figure 4.7 describes the 
sustainable elements of the REP in the organizational point of view. 
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Figure 4.6: End users impact factors, expectations, and measureable elements. 
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Figure 4.7: Sustainable elements of the organization in the REP implementation. 
 The questionnaires were designed into four sets for each stakeholder. The type of 
questions included open ended quantitative questions, close ended questions, and 
ranking/Likert scale questions. Another set of questions was used to record information, 
observation, and measurement of the solar PV system, which is explained in the next section. 
4.4 Developing the system operation and functional analysis approaches 
 System operation and functional analysis on a standalone power supply system, 
specifically a standalone solar PV system, is an important technical indicator that provides 
valuable information on the degree of performance and reliability of such a system. Assessing 
the service quality of the system can be conducted in several ways, commonly by conducting 
on-site observation of the physical condition of each component, measuring the operated 
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system, and monitoring the system’s operation. Furthermore, some indicators were 
introduced by providing reference values and parameters that reflected the level of the 
system’s performance in providing sufficient energy supply to the customers. Technical 
indicators on operation and maintenance and technical client-relation issues were introduced 
that categorised the indicators into system efficiency, conformance to standards, system 
losses, compatibility to be integrated into the grid network system, availability of support 
infrastructures and services, and daily operation [62]. The IEA-PVPS Task 2 provides 
technical information on the system’s performance, which highlighted the use of normalized 
system performance indicators that are energy yields, system efficiency, and performance 
ratio [71]. However, for a standalone solar PV system, the system performance indicators 
introduced by the IEA-PVPS Task 2 did not determine accurately whether such a system 
operated poorly or had a good performance. This is due to the fact that unlike a grid 
connected solar PV system, the operation and functionality of a standalone solar PV system is 
dependent on user consumption [72]. Besides that, it is essential to have a set of system 
operational data in high resolution for accuracy. Thus, this section adapts the previous 
methods and approaches and introduces several indicators that define the reliability of a 
standalone solar PV system.    
The study adapted the standard for a photovoltaic system performance monitoring – 
guidelines for measurement, data exchange, and analysis (BS EN61724:1998 and IEC 
61724:1998) were used as references in executing the system operation and functional 
analysis tasks. The procedure was suitable to analyse a hybrid solar PV system with other 
sources like engine generator and wind turbine [121]. 
In line with the standard and specifications, three tasks were conducted to determine the 
system’s operation and functional analysis. The first approach was the system functional test, 
which measured the solar PV string parameters and characteristics, the battery system’s 
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voltage, and the operations of the diesel generator, the inverter, and the charge controller. 
This task was conducted at each sample’s system using measurement tools, which were the 
solar PV analyser (Solmetric PVA-600), and the AC and DC multimeter. The second 
approach, system observation was carried out by physically checking the system’s 
components [122]. Findings were noted for later analysis purposes to identify if any, of 
degradation of the components due to aging, maintenance, and operation issues. The final 
approach was data analysis, done by analysing the real time data, which was recorded using 
the data logger. Several parameters like the meteorology data, DC and AC voltage and 
current at the solar PV array, inverter, and battery system, operation of the diesel generator, 
and the schools’ load consumption were recorded and analysed further to examine the 
system’s performance and reliability as shown in Figure 4.8 and Table 4.4. 
 
Figure 4.8: The system’s performance analysis methods. 
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Table 4.4: System operation and functional analysis measurable quantity. 
Methods Measureable quantity Tools / Reference 
Measurement of 
the system’s 
operation 
i) String statistic - Solmetric 
PVA-600 PV 
analyser 
- AC and DC 
multimeter 
- Vmp, Imp, Pmp, Voc, Isc 
- Fill Factor 
- I ratio 
- V ratio 
- Performance factor 
- Model prediction comparison 
(measured vs model) 
- I-V curve 
ii) Battery voltage measurement   
iii) Diesel generator   
- Generator running hour and 
diesel consumption 
  
- Generator battery test and record   
System 
observation 
Physical inspection of the system’s 
components  
  
Data analysis i) Real time data measurement BS EN 
61724:1998      
IEC 61724:1998 
- Meteorology (irradiance, 
temperature) 
- PV array 
- Battery storage 
- Load consumption 
- Diesel generator 
ii) System's energy balance and 
performance 
- Meteorology (daily irradiation) 
- Electrical energy quantities 
- Balance of system efficiency 
- System performance indices 
iii) System reliability indicators 
  
86 
 
4.4.1 Observation, measurement tools and procedures	 	
4.4.1.1 Solar PV analyser 
 
Figure 4.9: Solmetric PVA-600 PV analyser. 
 The test instrument (Figure 4.9) measures the current-voltage (IV) curves of the solar 
PV module and strings. Further information on the PV analyser is shown in Appendix 1. It 
compares the results with the PV prediction model. The PV prediction model includes the IV 
curve, maximum power, and Performance Factor. These predicted parameters compared with 
the measured parameters will determine the quality and performance of the solar PV array. 
Three PV models can be selected for the analysis processes, which are the Sandia, the 5 
parameter, and the simple performance models. The Sandia and the 5 parameter models 
calculate and predict the maximum power and current-voltage characteristics of the solar PV 
based on the open circuit voltage (Voc), short circuit current (Isc), maximum voltage (Vmp), 
maximum current (Imp), and temperature coefficients of Voc and Isc data, which can be easily 
obtained from most solar PV’s module data sheet. However, the Sandia model is the most 
detailed and accurate model as it is based on the empirical measurements made for modules 
in conditions other than the Standard Test Conditions (STC) provided by the solar PV 
manufacturer. The empirical coefficients are included to determine parameters that are 
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temperature dependent, which includes solar PV module specific thermal model, effect of air 
mass, and angle of incidence on Isc. This would allow the end points of the measured IV 
curve to match the predicted points. However, as the Sandia model requires the solar PV 
module to perform additional testing to obtain the additional parameters other than what is 
provided by the manufacturer, a large number of solar PV modules can only be tested using 
the 5 parameter model. The simple performance model is only to be used if the selected PV 
module does not contain data for the Sandia and the 5 parameter models; thus, the 
measurement and analysis are less accurate. For this study, the 5 parameter model was 
selected as the solar PV modules installed did not contain the Sandia parameter model.  
The open circuit voltage (Voc), short circuit current (Isc), maximum voltage (Vmp), and 
maximum current (Imp) of the solar PV string were captured and translated into the IV curve. 
The IV curve of the solar PV string describes a detailed description of the string’s energy 
conversion ability. The shape of the curve gives information on the performance and health 
of the solar PV module, string, and array. Irradiation, module temperature, and orientation of 
the PV array were used as references. The analyser was controlled wirelessly by a user PC 
using a wireless USB adaptor. Figure 4.10 shows the procedures to perform the solar PV 
array measurement.  
The open circuit voltage (Voc), short circuit current (Isc), maximum voltage (Vmp) and 
maximum current (Imp) of the solar PV string were captured and translated into the IV curve. 
The IV curve of the solar PV string describes the detail description of the string energy 
conversion ability. The shape of the curve gives information of the performance and health of 
the solar PV module, string and array. Irradiation, module temperature and orientation of the 
PV array were used as reference. The analyser was controlled wirelessly by user PC using 
wireless USB adaptor. Figure 4.10 shows the procedure in performing the solar PV array 
measurement.  
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Figure 4.10: Step by step procedure to perform the IV measurement. 
Before measuring the solar PV string, the PVA software was configured first. The 
main page of the software is shown in Figure 4.11. The File menu was used to set up new 
projects, save projects, and load saved projects.  
 
Figure 4.11: PVA-600 software user interface. 
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 In the File menu (Figure 4.12), the project’s properties are described into: 
a) Notes/info – this tab is used to inform the name of the project. 
b) Performance model – this tab is to define the solar PV module under test and the 
type of the PV performance model. The solar PV module parameters are given 
from this menu.  
c) Site info – the site information includes the coordinate of the site, elevation, and 
panel orientation. 
d) Array navigator – this tab is used to define the configuration of the solar PV tree, 
i.e. the number of panels in each string and the type of inverters used. 
   
   
Figure 4.12: The project’s properties menu. 
 Once all configurations were set, the PVA-600 was connected to the desired string 
and the irradiance and temperature values appear on the screen, and by clicking the Measure 
Now button, it would initiate the measurement as shown in Figure 4.13. IV and Power curves 
will be displayed on the screen. Details of the measured and predicted parameters will be 
found in the Table tab. The verify tab is to view the performance factor value of the solar PV 
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string (Figure 4.14). The performance factor is defined as the ratio of the actual and the 
predicted power of the solar PV string in percentage. 
 
Figure 4.13: IV and Power curve. 
 
Figure 4.14: Maximum power and performance factor. 
 Another important parameter in determining the health and condition of the solar PV 
is the Fill Factor (FF), which is defined as the ratio of the area defined by the maximum 
power (Imp and Vmp) divided by the area defined by the Voc and Isc.  
 ࡲࡲ ൌ 	ࢂ࢓࢖	࢞	ࡵ࢓࢖ࢂ࢕ࢉ	࢞	ࡵ࢙ࢉ                 4-2 
The IV and Power curve are interpreted based on the following: 
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a) The 5 parameter model points displayed in doted points as shown in Figure 4.15 
describes the five predicted points of the solar PV. It contains the Isc (short circuit 
current), X (second point, at one half of the open circuit voltage), MP (third point 
that shows the maximum current and voltage), XX (fourth point, midway between 
Vmp and Voc), and Voc (open circuit voltage). It is desirable for the measured IV 
curve to intersect all the five points. 
 
Figure 4.15: The five predicted points generated by the PV model. 
 
Figure 4.16: Deviation of the IV curve’s shape, adapted from [123]. 
b) If the measured IV curve is not normal and does not intersect the five predicted 
points as shown in Figure 4.16, the following categories (Table 4.5) explain the 
reasons. 
 
92 
 
Table 4.5: Explanations for the deviation of the IV curve’s shape compared to the normal IV 
curve [123]. 
Category Description 
i) IV curve has 
lower or higher Isc 
Cause located in the 
array: 
i) The PV array is 
soiled 
ii) The PV modules 
are degraded 
Cause due to model 
setting: 
i) Incorrect number 
of PV strings in 
parallel entered in 
the model. 
Cause due to 
irradiance and 
temperature 
measurement: 
i) Changes in the 
irradiance level in 
a short time 
ii) Incorrect 
orientation of the 
irradiance sensor 
iii) Incorrect 
calibration of the 
irradiance factor 
iv) Irradiance level is 
too low 
v) The Albedo effect 
vi) Inaccurate 
irradiance sensor 
ii) The slope of the 
curve near the Isc 
does not match the 
prediction 
Cause located in the array: 
i) Shunt path exists in the array 
ii) Module Isc mismatch. 
ii) The slope of the 
curve near the 
Voc does not 
match the 
prediction 
Cause located in the array: 
i) PV wiring has excess resistance or is insufficiently sized 
ii) Electrical interconnections in the array are resistive 
iii) The series resistance in the PV array has increased 
iii) The IV curve has 
notches or steps 
Cause located in the array: 
i) Array is partially shaded 
ii) Some PV cells are damaged 
iii) The bypass diode is short circuited  
iii) The IV curve has 
a lower or higher 
Voc 
Cause located in the array: 
i) PV cell’s temperature is different than the modelled temperature 
ii) One or more cells or modules are completely shaded 
iii) One or more bypass diodes are conducting or shorted 
 
4.4.1.2 Data logger as a monitoring system 
The data logger is a useful tool for recording the system’s operation in real time. The 
data logger acts as the central communication interface that captures and records all the data 
from the connected devices. The Sunny Webbox, as shown in Figure 4.17 and Appendix 2, 
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was installed at each solar PV system and the recorded data can be processed and analysed 
for monitoring purposes. Should internet network become available at site, whether via 
satellite network or GSM network, the data can be transferred to the central monitoring 
system for continuous monitoring by the system’s operator. However, for this study, the data 
was recorded locally as a communication network was unavailable at each site.   
 
Figure 4.17: Sunny Webbox. 
Table 4.6 shows the parameters that were measured from the data logger. 
Table 4.6: Parameters for the solar PV data and system performance analysis based on real 
time recorded data [121]. 
Parameter Symbol Unit 
Meteorology 
Irradiance 
Ambient air temperature 
Wind speed 
 
GI 
Tam 
SW 
 
W/m2 
oC 
m/s 
PV array 
Output voltage 
Output current 
Output power 
Module temperature 
 
VA 
IA 
PA 
Tm 
 
V 
A 
kW 
oC 
Energy storage 
Operating voltage 
 
VS 
 
V 
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Current to storage 
Current from storage 
Power to storage 
Power from storage 
ITS 
IFS 
PTS 
PFS 
A 
A 
kW 
kW 
Load 
Load voltage 
Load current 
Load power 
 
VL 
IL 
PL 
 
V 
A 
kW 
Back-up source (diesel generator) 
Output voltage 
Output current 
Output power 
 
VBU 
IBU 
PBU 
 
V 
A 
kW 
 
Figure 4.18 shows the location of the sensors for measurement by the data logger according 
to the standard. 
 
Figure 4.18 : Parameters for the solar PV data, adapted from [121]. 
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4.4.1.3 Observations and other measurements 
 Observations and measurements of the system’s components were performed to check 
if the parts were operating. Observations were made on the physical condition of every 
component of the solar PV, system accessories, wiring, and switches. Any sign of damage, 
degradation and/or deterioration on the components were noted and recorded. The PV strings, 
battery voltage and temperature, diesel generator, and inverter and charge controller were 
measured to identify its operation parameters. Measurement of the battery voltage was 
conducted to determine if the battery voltage was in the allowable voltage range, i.e. at a low 
voltage, float voltage, boost voltage, or maximum voltage. Before conducting the 
measurement, the battery’s DC fuse was isolated to allow the battery system to be in the open 
circuit. However, visual observations to check the battery physically for the level of 
electrolyte, presence of sulphation and other sediments, and corrosion on the inner terminal 
could not be conducted due to the battery casing being solid and opaque.  
4.4.2 Electrical energy quantities 
Several parameters to determine the performance of the system can be calculated from 
the recorded data as shown in Table 4.7. 
Table 4.7: Calculated parameters derived from the recorded data, adapted from [121]. 
Parameter Symbol Unit 
Meteorology 
Daily global irradiation in the plane of the array 
 
HI,d 
 
kWh/m2/day 
Electrical energy quantities 
Net energy from array 
Net energy to load 
Net energy to storage 
Net energy from storage 
Net energy from backup (diesel generator) 
Total system input energy 
 
EA,τ 
EL,τ 
ETSN,τ 
EFSN,τ 
EBU,τ 
Ein,τ 
 
kWh 
kWh 
kWh 
kWh 
kWh 
kWh 
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Total system output energy 
Solar Fraction 
Load efficiency 
Euse,τ 
SF 
ηLOAD 
kWh 
% 
dimensionless 
Balance of System (BOS) component performance 
BOS efficiency 
 
ηBOS 
 
dimensionless 
System performance indices 
Array yield 
Final PV system yield 
Reference yield 
Array capture losses 
BOS losses 
Performance ratio 
Mean array efficiency 
Overall PV plant efficiency 
 
YA 
Yf 
Yr 
Lc 
LBOS 
RP 
ηAmean,τ 
ηtot,τ 
 
kWh/kWp/day 
kWh/ kWp/day 
kWh/kWp/day 
kWh/kWp/day 
kWh/kWp/day 
dimensionless 
dimensionless 
dimensionless 
 
 The above parameters were formulated from the following equation as stated in the 
standard [121]. In general, the energy for each parameter is calculated using the equation 
below: 
 ࡱ࢏,࣎ ൌ 	 ࣎࢘ 	ൈ	ࢳ࣎ࡼ࢏                 4-3
  
where, ܧ௜ is in kWh and ௜ܲ is in kW. τ is the reporting period interval in hours. The index ‘i’ 
is to be replaced with the desired parameter, for example, to calculate the net energy from the 
PV array, the ‘i’ is substituted with ‘A’, to be	ܧ஺,ఛ ൌ 	 ߬௥ 	ൈ 	ߑఛ ஺ܲ. 
a) The net energy delivered to and from the battery system; 
ࡱࢀࡿࡺ,࣎ ൌ 	ࡱࢀࡿ,࣎ െ	ࡱࡲࡿ,࣎                                     4-4
  
ࡱࡲࡿࡺ,࣎ ൌ 	ࡱࡲࡿ,࣎ െ	ࡱࢀࡿ,࣎               4-5
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The values of ETSN,τ and EFSN,τ  tells whether the battery system is a net load or net 
source. ETSN,τ  is referred to as the net energy from the solar PV array and diesel generator to 
the storage system and the EFSN,τ  is defined as the net energy from the storage system to the 
load. Either one will be considered as 0 if the value is negative because the minimum value is 
0.  
b) The total system energy input (kWh): 
ࡱ࢏࢔,࣎ ൌ 	ࡱ࡭,࣎ ൅	ࡱ࡮ࢁ,࣎ ൅	ࡱࡲࡿࡺ,࣎               4-6
   
c) The total system energy output (kWh) 
ࡱ࢛࢙ࢋ,࣎ ൌ 	ࡱࡸ,࣎ ൅	ࡱࢀࡿࡺ,࣎                         4-7         
 
d) The load efficiency  
The load efficiency, ߟ௅ை஺஽, is the efficiency of the energy generated from the all 
sources (solar PV array, diesel generator, and storage system when in the discharging 
mode) to supply the load. 
ࣁࡸࡻ࡭ࡰ ൌ 	 ࡱ࢛࢙ࢋ,࣎ࡱ࢏࢔,࣎                  4-8
    
4.4.3 Balance of System (BOS) component’s performance 
a) Balance of system (BOS) efficiency 
The BOS efficiency, ߟ஻ைௌ, is the total efficiency of the BOS components in 
converting the electrical energy, which can be determined by summing the energy 
quantities that flow into and out of the components. 
ࣁ࡮ࡻࡿ ൌ 	 ࡱࡸ,࣎ା	ࡱࢀࡿࡺ,࣎ି	ࡱࡲࡿࡺ,࣎ࡱ࡭,࣎ା	ࡱ࡮ࢁ,࣎                   4-9
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4.4.4 System performance indicators 
In analysing a standalone solar PV system, the usual parameters used were the array 
yield (YA), reference yield (Yr), final PV system yield (Yf), solar PV fraction, capture losses 
(Lc), system losses (LBOS), and Performance Ratio (PR) [71], [72]. However, relying on these 
parameters to evaluate a standalone solar PV system’s performance may give inaccurate 
conclusions as parameters like the PR does not reflect a correct performance technically in 
some cases. This is because the PR is linear with Yf and Yr and for a standalone system, the 
PR also depends on user energy consumption. Hence, at a low energy consumption but high 
solar energy potential, the value of the PR tends to be low in between 0.3–0.6 for a 
standalone system with backup. Low PR for a standalone system does not mean that the 
system has a technical problem. In contrast, for a grid connected system, the PR is desired to 
be higher (0.6–0.8) that shows whether the system fully utilizes the potential solar energy 
[71]. The limitations in describing the standalone system’s performance accurately led to the 
introduction of several coefficients, which are the Usage Factor (UF) and Production Factor 
(PF) that characterizes the system’s performance and allows the detection of the system’s 
technical problems [71], [72]. However, the UF cannot be determined due to the PV potential 
(Epot) not being measured. The UF is a function of the energy supply by the solar PV (EA) 
divided by the potential PV (Epot) production. This section describes the parameters used in 
determining the system’s performance indicators.  
4.4.4.1 System yields 
As stated in the BS EN61724:1998 [121], ‘PV systems of different configurations and 
at different locations can be readily compared by evaluating their normalised system 
performance indices such as yields, losses and efficiencies.’ Yield is an indication of the 
actual components’ operation against the components’ rated capacity. The unit of the yield is 
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kWh/kWp/day or h/day and indicates the amount of time that the solar PV system is required 
to operate relative to its rated capacity, Po. The system’s yield is categorized into three 
parameters, which are the array yield (YA), final PV system yield (Yf), and reference yield 
(Yr) as described in the following equations. 
a) Array yield 
The array yield is defined as the daily energy output (kWh) per rated capacity (kW) of 
the installed solar PV array. This yield describes the number of hours the solar PV 
array would be required to operate at its rated power to meet the daily solar PV array 
energy of the system.  
ࢅ࡭ ൌ 	 ࡱ࡭,ࢊࡼ࢕                       4-8
                
where Po is the solar PV rated output power in kW. 
b) Final PV system yield 
The final PV system yield is the daily net energy production (kWh) of the entire solar 
PV system that is supplied by the solar PV array. If the load efficiency (ࣁࡸࡻ࡭ࡰ) equals 
to 1, the yield is the same as the array yield, ࢅ࡭. This means that the daily energy 
output of the solar PV array is ideal and has no losses. 
ࢅࢌ ൌ 	ࢅ࡭ 	ൈ	ࣁࡸࡻ࡭ࡰ                 4-9
                   
c) Reference yield 
The reference yield describes the number of hours per day that the solar radiation 
(kWh/m2) needs to be at the reference irradiance level. For the STC, the reference 
irradiance level is at 1 kW/m2. Thus, by dividing the monitored solar radiation level 
(kWh/m2) with the reference irradiance level at STC (1 kW/m2) the number of the 
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peak sun hours of the location could be determined. This describes the intensity of the 
solar radiation in hours per day. 
ࢅ࢘ ൌ 	 ࣎࢘ 	ൈ 	ࢳࢊࢇ࢟ࡳࡵࡳࡵ,࢘ࢋࢌ                 4-10
                       
The reference solar irradiation GI,ref = 1 kW/m2.  
The relation between the system yields and the electrical energy components of the 
solar PV system is described in Figure 4.19. 
 
Figure 4.19: Relations between the solar PV system’s yields and the electrical energy 
components. 
?  
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4.4.4.2 Normalized losses 
a) Array capture losses 
The array capture losses are the losses during the solar PV array’s operation, which 
includes unutilized solar radiation potential. 
ࡸࢉ ൌ 	ࢅ࢘ െ	ࢅ࡭                4-11
     
                 
b) Balance of System (BOS) losses 
BOS losses are the losses within the system’s components during the operation. 
ࡸ࡮ࡻࡿ ൌ 	ࢅ࡭ 	ൈ	ሺ૚ െ	ࣁ࡮ࡻࡿሻ               4-12
                  
4.4.4.3 Performance Ratio (PR) 
 The PR describes the total losses on the array’s rated output, which is due to the effect 
of the temperature, incomplete utilization of the irradiation, and the system components’ 
inefficiencies or failures. For a standalone solar PV system, the value of the PR can be low 
due to the energy production depending on user energy consumption. Hence, the solar PV 
array would experience incomplete utilization of the available resources from the solar 
radiation. However, this does not mean that the system has technical problems. 
ࡼࡾ ൌ	 ࢅࢌࢅ࢘                4-13
                   
4.4.4.4 Production Factor (PF)  
 PF determines how the system utilizes the array output capacity as compared to the 
value specified by the manufacturer at STC. PF is given as: 
ࡼࡲ ൌ 	 ࡱ࡭ࡼ࢕. ࡳࡵࡳࡵ,࢘ࢋࢌ
  ൌ	ࢅ࡭ࢅ࢘                        4-14 
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where, EA is the solar PV array output energy (kWh/d), Po is the solar PV arrays peak power 
(Wp), ܩூ is the mean daily irradiance (kWh/m2/d) and ܩூ,௥௘௙ is the irradiance at STC (1 
kW/m2). 
4.4.4.5 System efficiencies 
a) Mean array efficiency 
The mean array efficiency is the efficiency of the solar PV array energy conversion 
that reflects the diode, wiring, and mismatch losses including energy wasted during 
system operation.  
ࣁ࡭࢓ࢋࢇ࢔,࣎ ൌ 	 ࡱ࡭,࣎ሺ࡭ࢇ	࢞	࣎࢘	࢞	ࢳ࣎ࡳࡵሻ              4-15
                  
where Aa is the solar PV array area. 
b) Total system efficiency 
The total system efficiency represents the system’s overall efficiency. 
ࡿ࢙࢚࢟ࢋ࢓	ࢋࢌࢌ࢏ࢉ࢏ࢋ࢔ࢉ࢟ ൌ ࡼࡾ/ࡼࡲ             4-16 
 
4.4.4.6 Solar Fraction (SF)  
 SF is the fraction of energy produced by the solar PV divided by the total energy 
generation of the system. The ratio of the solar PV and diesel generator is expected to be 90% 
as specified by the system’s design.               
4.4.5 System reliability indicators 
The previous section gave information on the energy balances of the solar PV system, 
which included the energy generated, energy consumed, system efficiencies, and system 
losses. However, those parameters do not characterize the capability of the specific 
components that describes the reliability and durability of the system. Additional indicators 
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were introduced to fill the gap in order to meet the system operation and functional analysis 
criteria. The indicators, derived from the BS EN61724:1998 standard [121] and the IEA-
PVPS guideline [70], should describe: (1) the ability of the system to use the solar energy 
potential; (2) the system operation parameters accurately; (3) the system’s yields and losses; 
and (4) the capacity of the solar PV and the storage system to meet the energy demand. Thus, 
the compilations of the indicators define the performance and reliability levels of a solar PV 
system. Table 4.8 shows the system’s reliability indicators.   
Table 4.8: System reliability indicators.  
System 
reliability 
indicators 
Description Reference value Reference 
 
a) Charge 
factor 
 
 
 
 
 
 
b) Solar PV 
generator 
capacity 
(CA) 
 
c) Accumulator 
capacity 
(CS) 
 
 
d) Ratio of CA 
and CS 
 
Ratio of the energy charged to 
the battery and energy discharge 
from the battery in a period of 
time. 
 
 
 
 
Ratio of energy produced by the 
solar PV system divided by the 
energy consumed by load in a 
period of time. 
 
Ratio of maximum energy 
available from the battery 
divided by the energy consumed 
by load in a period of time. 
 
Determines the matching 
capacity of the solar PV and the 
storage system. 
 
1.0 – 1.4. It is 
essential to have a 
lower charge factor 
due to energy 
losses during the 
charge-discharge 
process. 
 
1.1 – 1.2 
 
 
 
 
3 ≤ CS ≤ 5 (for 
rural 
electrification) 
 
 
 
 
 
[124]–[126] 
 
 
 
 
 
 
 
[15], [124]  
 
 
 
 
[124] 
 
 
 
 
 
4.5 Techno-economic evaluation and comparative analysis 
 The economic evaluation aims to identify the cost benefit of the implementation of the 
REP as discussed in Section 2.4.1. Studies have been conducted to determine the economic 
aspect of the solar PV system that focused mostly on developing methods to obtain the most 
cost effective system’s configuration and comparing the renewable energy system with the 
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conventional off-grid energy generation systems like the diesel generator system [18], [64], 
[65], [68], [69], [127]–[131]. However, limited researches on evaluating the economical 
aspect of a system after installation were available. Thus, the aim of the techno-economic 
analysis is to perform a post-installation analysis on the cost benefit of the programme based 
on the system’s operation and functional analysis, total investment cost, operating cost, NPC, 
and COE. Comparisons were made with the predicted values and parameters of the optimized 
solar PV system’s configuration. The actual recorded data on the system’s energy generation 
and consumption as discussed in Sections 4.4.1 and 4.4.2 were used. The method is described 
as shown in Figure 4.20. Analysing the predicted and actual daily energy consumed by the 
schools offered a comparison between the forecast and the real operating values.  
 
Figure 4.20: The method in to assess the techno-economic analysis. 
The system’s performance and financial indicators of the actual system capacity and 
operation – referred to as the base case system – were compared to the optimization models 
of the most suitable system capacity. The actual daily energy consumption was used as the 
reference for both simulations. For the optimized system capacity, several different capacities 
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for solar PV, battery system, inverter, and diesel generators were considered. The optimum 
system configuration was selected on the basis of meeting their load requirement and cost-
effectiveness; i.e., the COE and the NPC. The operating cost, annual diesel consumption, and 
solar fraction (SF) were also simulated. The technical and economic indicators are defined as 
follows: 
i) Solar Fraction (SF) 
The fraction of energy produced by the solar PV and divided by the total energy 
generation of the system. SF is defined as unit less or in percentage. 
ii) Battery energy efficiency 
The discharged energy from the battery divided by the energy charged to the 
battery in a given period of time. The unit of battery energy efficiency is in 
percentage. 
iii) Generator Capacity (CA) 
Energy produced by the power system generator (solar PV and diesel generator) 
against the energy consumed by load. The CA is unit less. 
iv) Accumulator Capacity (CS) 
The maximum energy the battery can provide against the energy consumed by 
load. The CS is unit less. 
v) Total investment cost 
Total investment cost is all the costs that are involved in executing an REP, 
which includes the cost of components and materials, the cost of delivery and 
transportation, installation cost, building cost, power distribution cost and 
consultation service cost. The costs are defined at the beginning of the project. 
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vi) Operating and replacement cost 
The operating and replacement cost is the sum of the annual operation and 
maintenance costs, total fuel cost and annualized replacement cost, excluding the 
annualized salvage value. 
vii) Net Present Cost (NPC) [65], [67] 
NPC is referred to as the system’s life-cycle cost that includes the initial capital 
cost, replacement cost, annual operating and maintenance cost as well as fuel 
costs and is derived as shown in Eq. 4-17. 
ࡺࡼ࡯ ൌ 	 ࢀ࡭࡯࡯ࡾࡲ	ሺ࢏,ࡺሻ                   4-17 
where, 
TAC is total annualized cost (GBP/yr),  
CRF is the capital recovery factor, 
i is the annual interest rate (%) and  
N is the project lifetime (years). 
The CRF is given by the following equation: 
࡯ࡾࡲ	ሺ࢏, ࡺሻ ൌ 	 ࢏ሺ૚ା࢏ሻࡺሺ૚ା࢏ሻࡺି૚                  4-18 
viii) Cost of Energy (COE) [65], [67] 
COE is the per unit electrical energy cost of useful electrical energy produced by 
the system in GBP/kWh. 
࡯ࡻࡱ ൌ	 ࢀ࡭࡯ࡱࢇ࢔࢒࢕ࢇࢊ࢙ࢋ࢘࢜ࢋࢊ                4-19 
Eanloadserved is the total annual load served by the system in kWh/yr. 
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 Capital, replacement, fuel, and operating costs were taken from the REP’s contractual 
documents. The system’s accessories were included in the components’ capital cost. The 
power distribution and project management costs were also considered as the system’s fixed 
capital costs. Some costs may differ between systems installed at different schools due to 
location, while logistic and geographical conditions contribute to differences in supply and 
delivery costs. The components’ per unit costs are described as follows: 
a) Each monocrystalline solar PV module was rated at 180 Wp, except at SK Poring, which 
had a capacity of 175 Wp, and SK Sungai-Sungai, with 260 Wp. The average capital cost 
for the solar PV module and its accessories was GBP4 5,695.70/kWp (min. GBP 
4,816.47/kWp; max. GBP 9,117.65/kWp). The lifetime of each solar PV module was 25 
years. 
b) The battery used for all the systems had a rated voltage of 2 V, with 1,500 Ah of VRLA. 
The average capital cost for a battery system and its accessories was GBP 452.73/kWh 
(min. GBP 326.67/kWh; max. GBP 1,466.67/kWh) and its replacement was GBP 900 per 
unit. The operation and maintenance of the battery was GBP 30 per year. 
c) The sizing of the diesel generator differed according to each school’s load consumption. 
The diesel generator capital cost and its accessories was GBP 1,549.52/kVA on average 
(min. GBP 793.94/kVA; max. GBP 3,128.33/kVA) and its maintenance cost was GBP 4 
per hour. The running time for the diesel generator was set at 15,000 hours [65]. 
d) Two types of inverters were used: a grid inverter and a bidirectional inverter. The average 
combined capital cost and its accessories were GBP 2,706.85/kW (min. GBP 
1,733.33/kW; max. GBP 6,722.00/kW). The replacement cost for a 4 kW grid inverter 
was GBP 3,000, while, for a 5 kW bidirectional inverter, it was GBP 4,400. 
                                             
4 GBP 1.00 = MYR 5.00 
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e) The fixed operation and maintenance cost was GBP 5,560 per year for each system. This 
cost includes all the service jobs required to perform preventive and corrective 
maintenance works. 
f) Diesel cost, as quoted by the maintenance contractor, was GBP 1.30 per litre, which 
includes the supply and delivery costs to each school. The average diesel price in 
Malaysia between 2008 and 2015 was GBP 0.3823 per litre, as it was subsidized by the 
government.  
g) In analysing the actual system operation, the lifetime of the battery was 6 years, while it 
was 15 years for inverters and diesel generators, and 25 years for solar PV panels [124]. 
4.5.1 Simulation software 
 Predicting the optimum system configuration and operation requires simulation 
software, which are able to simulate, optimize system configuration and sizing, and perform 
sensitive analysis [65], [68], [132]. Additionally, the nature of this study requires that the 
selected software should also be able to perform time-series operation of the energy system 
for a period of time and have the capability for comparative features for the technical and 
economic analysis. 
 Several software tools for off-grid hybrid power systems are available such as 
HOMER, HYBRID 2, RETScreen, iHOGA, TRNSYS, iGRHYSO, HYBRIDS, RAPSIM, 
SOMES, and HySim. A review of the software tools was conducted by Sinha and Chandel 
[132] who compared each tool in terms of its functionality, technical and economic analysis 
capability, energy resource, and technology and output parameters. Table 4.9 shows the 
differences of the five most widely used software tools.  
Table 4.9: Differences and features of the software tools for off grid hybrid power system 
[132].  
HOMER HYBRID2 RETScreen iHOGA TRNSYS 
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Inputs 
 Time series 
import 
option 
 Load 
demand 
 Resources 
 Components 
& costs 
 Constraints 
 System 
control 
 Emission 
 
Output 
 Optimal 
sizing 
 NPC 
 COE 
 Capital cost 
 Capacity 
shortage 
 Excess 
energy 
generation 
 RE fraction 
 Fuel 
consumption 
 
 
Inputs 
 Load 
demand 
 Resources 
 Components 
 Financial 
data 
 
 
 
 
 
 
 
Output 
 Optimal 
sizing 
 Technical 
analysis 
 Financial 
evaluation 
 
Inputs 
 Climate 
database 
 Project 
database 
 Product 
database 
 Hydrology 
database 
 
 
 
 
 
Output 
 Technical 
analysis 
 Financial 
analysis 
 Environmental 
analysis 
 Sensitivity 
analysis 
 Energy 
efficiency 
 Cogeneration 
 
Inputs 
 Constraints 
 Resources 
 Components 
 Economic 
data 
 
 
 
 
 
 
 
 
Output 
 Optimization 
 Life cycle 
emission 
 Probability 
analysis 
 Buy-sell 
energy 
supply 
analysis 
 
Inputs 
 Meteorological 
data 
 Models 
database 
 
 
 
 
 
 
 
 
 
Output 
 Dynamic 
simulation on 
thermal and 
electrical 
system 
 
 Taking into account all the differences, similarities, advantages, and disadvantages of 
each tool, HOMER was found to be widely used [13], [16], [65], [68], [131], [133]–[137] due 
to its ability to maximize the combination of renewable energy resources and system, carry 
out optimization and sensitivity analysis of more than one system configuration, and to 
perform time series energy resource and load data profile [65], [132], [138]. Based on these 
facts and the relevance of this study, HOMER was selected and the descriptions are discussed 
in the following section. 
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	4.5.1.1 The Hybrid Optimization Model for Electric Renewable (HOMER) 
 The HOMER software was developed by the National Renewable Energy Laboratory 
(NREL), USA for analysing and optimising hybrid power systems’ performance and 
operation for both on grid and off-grid systems. The latest edition to the HOMER family, 
namely HOMER Pro, has added some improvements in the system components, type of 
loads, and energy resources. However, HOMER Pro requires users to buy license; thus, the 
previous HOMER edition (HOMER Legacy v 2.68) was selected as it is available for free. 
 
Figure 4.21: The main menu page of the HOMER software. 
 Figure 4.21shows the main page of HOMER. It contains several menus for data input 
and a result tab for the simulation output. The ‘Equipment to consider’ menu requires the 
users to insert data and information of the load profile and the system’s components (Figure 
4.22). 
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Figure 4.22: Lists of components to be used for simulation. 
  For this study, the components of the system replicated the existing system’s 
components, which were the solar PV, converter, diesel generator, and battery storage 
system. Once the components were selected, a close up of the system’s architecture is shown, 
as can be seen in Figure 4.23. From here, the users insert data and information of load and 
components. All the data used are based on the data recorded at each system, which contains 
data of electrical energy generation from the solar PV and diesel generator, discharging and 
charging of the lead acid battery storage system, and load consumption. Other parameters 
such as meteorological data, solar irradiation, ambient and solar PV module temperatures, 
battery temperature, and battery SOC were also recorded. Each data was recorded at a 15-
minutes interval for 2 to 3 years.  
 
Figure 4.23: Close up view of the system’s architecture. 
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a) Load profile 
Actual hourly load, the average value taken every month, gathered from the data 
logger as described in Section 4.4.1 and later in Section 4.6, was inserted for each system. 
Figure 4.24 shows an example of one of the studied systems. 
 
Figure 4.24: Example of a load profile at SK Sungai sungai. 
b) Solar PV 
 The solar PV module was a monocrystalline type. The cost of the solar PV (capital, 
replacement, and operating) was based on the contractual cost of the REP for each system. 
Several sizes were considered for optimizing purposes. The solar PV’s sizing capacity was 
set in steps of 5 kWp as shown in Figure 4.25. The lowest sizing was set at 0 kWp. The actual 
solar PV sizing for each system was also considered. The properties of the solar PV are 
shown in Figure 4.25. The output current of the solar PV array is AC as the installed system 
is an AC coupled system. The inclination (slope) of the solar PV array was 15°, which is 
considered as the optimum angle for regions in Malaysia. The installation of the solar PV 
array was done to face the South, which is described as the 0° azimuth angle. No tracking 
devices were installed for the system and the solar PV module coefficient properties were 
taken from the manufacturer’s datasheet. 
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Figure 4.25: Input and properties for the solar PV. 
c) Diesel generator 
 The diesel generator was an AC type power generator and similar with the solar PV, it 
was allowed to be optimized for several sizes in step of 5 kVA as shown in Figure 4.26. The 
actual diesel generator sizing for each system was also considered. The lifetime of the diesel 
generator was considered to be 15,000 hours for it was designed to be used at minimum hours 
annually. The operation of the diesel generator was scheduled at optimized operating hours, 
i.e., it was to be turned on only when required by the system.  
 
Figure 4.26: Inputs for the diesel generator. 
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d) Converter/inverter  
 Similarly, the information for the converter was based on the actual converter 
capacity and several sizes were considered as shown in Figure 4.27. The converter was 
required to convert the DC current to the AC current and vice versa for the charge and 
discharge processes of the battery system. The Sunny Island SI 5048 bidirectional converter 
was used. HOMER does not specify the grid inverter used in the schematic configuration of 
the system, thus its capital and replacement cost was included as part of the bidirectional 
converter’s cost. 
 
Figure 4.27: Input for the converter/inverter system. 
e) Battery storage system 
 The battery storage is necessary for off-grid and standalone hybrid systems to provide 
energy to the load at times when the solar PV produces low or zero energy, especially at night 
time. Each battery was a 1,500 Ah VRLA with 2 Vdc terminal voltages. Each battery bank 
was formed by connecting 24 units of batteries in a series that creates a 48 Vdc nominal 
system voltage as shown in Figure 4.28. Connecting the battery banks in parallel would 
increase the battery system’s capacity in Ah, referred to as the string connection. 
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Figure 4.28: Battery system’s input and configuration. 
 
f) Resources and other inputs 
 The resources input function determines how much electrical power can be generated 
by the system – in this case the solar irradiance, and the characteristics of the fuel for diesel 
generator consumption. The solar irradiance data was recorded on site by the data logger at 
each system as shown in Figure 4.29. 
  
Figure 4.29: Resource and other input menu and solar resource properties. 
 Other inputs include the economic aspect of the system, system control, site 
temperature (recorded by the data logger), grid extension cost, emissions by the fossil fuel 
power generation, and constraints for the system to be feasible. The system’s dispatch 
strategy in system control was set for both Load Following (LF) and Cycle Charging (CC). 
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The dispatch strategy controls the operation and function of the diesel generator and battery 
system [65]. The LF strategy allows the diesel generator to operate automatically to serve the 
load without charging the battery system and the CC strategy is to optimize the diesel 
generator at its maximum rated capacity for supplying electricity to the load and charging the 
battery. For optimization purposes, both strategies were considered, but in the real 
configuration of the existing systems, only CC was allowed to preserve the battery life and 
capacity. 
 Simulating the system would generate the optimization and sensitivity results as 
shown in Figure 4.30. The results were ranked by the sensitivity variable on the most cost 
effective configuration of the NPC and COE. Details of the system’s configurations and 
characteristics for both technical and economic indicators were found by clicking on each 
system. Descriptions of the results and analysis can be found in Chapter 7. 
 
Figure 4.30: Optimization results. 
4.6 Conducting field study  
The field study was performed in August to September 2014 that included several 
activities of assessing the impact of the REP on the stakeholders and evaluating the 
performance of the solar PV-diesel hybrid system. The key activities of the field study are 
described as follows: 
i) Questionnaire to end users (school teachers and staff); 
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ii) Observing, inspecting, and testing the system’s components; 
iii) Downloading the system’s operation data; and 
iv) Questionnaire to other stakeholders of the REP, which are the project owner, 
project consultant, and contractors.  
A pilot test means that a questionnaire is first tested for its validity and relevance to the 
topic of the research. This helps researchers to review their questionnaires and to see if the 
questions can produce the expected response [117]. It is essential that the respondents can 
understand the questions and thus, provide valid answers. By conducting a pilot test, the 
researchers can improve their questionnaires, which sometimes involve several processes of 
reviewing the questions [117]. Firstly, they must ask some people (other than the 
respondents) for any uncertainties in the questions. After any alterations have been made 
based on the responses received, the questionnaire is then given to several respondents who 
will be taking part in the survey to get their opinions on the structure and wording of the 
questions. All opinions and comments will be noted and the questions will be revised 
accordingly. This process may be conducted several times until a final version is produced.  
   For this study, the questionnaire was first checked by three research assistants who were 
involved in the field study. The questionnaire was designed in two languages, which were the 
English and Bahasa Malaysia languages to eliminate the language barrier and to ensure that 
the questions are easy to follow for non-English speaking respondents. Responses from the 
three research assistants were received and they said that the questionnaire was supposed to 
be short and not contain too much of technical words for the end users’ questions. Apart from 
the questionnaire, the inspection and testing of the system’s components form was also 
piloted. It was noted that Section E (ii) on the solar PV module observation was insufficient. 
Hence, the particular section was improved by adding Annex A, the module condition 
checklist obtained from the IEA-PVPS T13-01:2014 document [139] (refer to Appendix 3).  
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Then the questionnaire, as shown in Appendix 4, was taken to one of the sites, namely SK 
Matupang and was tested. Several potential respondents participated and highlighted on their 
difficulties to answer Section A (ix) – system reliability – correctly. This section aimed to ask 
the respondents on knowing about the causes of system failure that they had experienced, if 
any. For them, as they were non-technical people, this section seemed invalid to be asked and 
hence, it was omitted. Section A (viii)(b) – that required the respondents who live at the 
teachers’ quarters to list down the electrical appliances that they have bought before and after 
the system was installed – was also cancelled, for respondents might be unwilling to reveal 
their history of purchasing appliances.  
Prior to the field study sessions, the measurement equipment, especially the solar PV 
analyser, was first used on-site for familiarization with the equipment and the measurement 
procedure. An important remark highlighted was for the solar PV string measurement to be 
conducted under a good value of irradiance as a lower value of irradiance (< 200 W/m2) may 
give an unreliable value of Voc and this can affect the data measured, as shown in a typical IV 
curve of a solar PV panel (Figure 4.31). 
 
Figure 4.31: IV curve of a typical solar PV panel at different irradiance level [140]. 
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4.6.1 Summary of the field study 
 This section summarizes the field study works performed for 18 solar PV systems. 
Barriers and difficulties in accessing the sites led to the cancellation of three sites. SK 
Keramuak was cancelled for its inaccessibility due to road condition and landslide as shown 
in Figure 4.32.  
 
Figure 4.32: Road condition to SK Keramuak. 
 SK Pulau Sumandi and SK Pulau Pababag were omitted due to security concerns in 
the Semporna district. Both schools are located on islands in Semporna and the area was 
under tight security control for some crime incidents that had happened earlier. 
 The questionnaire sessions at 15 schools and with the other stakeholders were 
conducted successfully with 187 respondents participating as described in Table 4.10. 
Table 4.10: The number of respondents who participated in the questionnaire sessions.  
Stakeholders Number of 
respondents 
Target 
 
a) End users (teachers and 
school staff) 
b) Project owner 
c) Project consultant/manager 
d) Contractors/suppliers 
 
TOTAL 
 
126 
 
17 
21 
23 
 
187 
 
150 
 
20 
20 
20 
 
210 
 
  
120 
 
 
  
(a)                                                        (b) 
   
                         (c)                                                             (d) 
Figure 4.33: Questionnaire sessions conducted during the field study. 
(a) briefing the assistant principle of SK Sungai sungai was the first approach before 
conducting the questionnaire session. (b) and (c) conducting the questionnaire session at SK 
Kenang kenangan and SK Matupang. (d) introduction session at SK Kuala Kahaba. 
 
Observation, inspection, and measurement of the solar PV-diesel hybrid system were 
performed at 15 systems. Apart from difficulties to measure the solar PV string under rainy 
conditions, which had happened at some sites, other tasks were done successfully. During 
rainy conditions or if the irradiation level was very low, the measurement task was put on 
hold and was continued after the weather has become normal.  
 Recorded data on 13 systems were downloaded for further analysis. Two systems (SK 
Kuala Kahaba and SK Pangas) did not have a data logger installed. Out of the 13 systems, 
only 11 had complete data that could be used for system’s operation and functional analysis. 
Data was recorded in between two to three years from 2011 to 2014. The interval of the data 
recorded was 15 minutes daily. Another two systems (SK Tagibang and SK Kenang-
kenangan) did not have sufficient data due to the data logger not configured correctly by the 
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installer. Summary of tasks conducted at each school and the solar PV systems is described in 
Table 4.11. Detailed information and findings from the field study can be found in Appendix 
5.  
Table 4.11: List of tasks conducted during the field study sessions. 
No. School name Questionnaires 
/ survey 
On site 
measurement 
/ testing 
Data 
logged 
Simulation 
and 
optimization 
1 SK KUALA KAHABA Yes Yes No No 
2 SK PANGAS Yes Yes No No 
3 SK LUASONG Yes Yes Yes Yes 
4 SK LABUK SUBUR Yes Yes Yes Yes 
5 SK KENANG 
KENANGAN 
Yes Yes No No 
6 SK LITANG  Yes Yes Yes Yes 
7 SK GOLONG  Yes Yes Yes Yes 
8 SK LUNG MANIS Yes Yes Yes Yes 
9 SK MATUPANG  Yes Yes Yes Yes 
10 SK PORING Yes Yes Yes Yes 
11 SK TANJUNG 
PARAS  
Yes Yes Yes Yes 
12 SMK TIMBUA Yes Yes Yes Yes 
13 SK SUNGAI SUNGAI Yes Yes Yes Yes 
14 SK RUNGUS 
NAHABA 
Yes Yes Yes Yes 
15 SK TAGIBANG Yes Yes No No 
16 SK KERAMUAK Inaccessible 
17 SK PULAU 
PABABAG Inaccessible 
18 SK PULAU 
SUMANDI Inaccessible 
 
4.7 Summary 
 This chapter described the methodology used for data collection, measurement, and 
data analysis. Three methods have been described in conducting the post installation analysis 
as shown in Figure 4.34, which provided the relations between the research strategies, 
methods, techniques, and research questions.     
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RESEARCH 
STRATEGIES METHODS TECHNIQUES
RESEARCH 
QUESTIONS
Post installation 
evaluation
System 
operation & 
performance 
analysis
Social & 
organization 
assessment
Techno-
economic 
comparative 
analysis
Real time 
recorded data
Field study
i) Measurements
ii) Observations
iii) Survey & 
questionnaires
Simulation
(i) Parameters to 
define reliability
(ii) Load profile 
& energy 
demand
(iii) 
Improvement & 
achievement in 
education & 
social
(iv) Actual vs 
optimized 
parameters
 
Figure 4.34 : The research methods and its links to the research questions. 
In general, the research produced an in-depth evaluation of the programme on system 
operation and performance, social, organizational, and economic aspects as shown in Figure 
4.35. 
 
Figure 4.35: Research methodology framework. 
Social & organizational
- lifestyle
- education
- policy & planning
System operation and 
funtional analysis
- real time operation         
- performance and 
reliability indicators
Economic analysis
- cost benefits
- economic indicators
Reliability 
SUSTAINABILITY
Value for 
money 
Improve 
standard of 
living 
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 The multidiscipline approaches as suggested in this chapter would lead to improved 
understanding and information in assessing factors that determine the sustainability of REP, 
particularly in Malaysia. As such, the approaches define the development of the REP in view 
of value for money, improvement in living and education standards, and reliable system 
performance and operation. More important is to answer the question that has always been 
highlighted, that is whether the end users benefit from rural electrification using the solar PV 
technology system initiative. 
 The next chapter presents the results and analysis of the system’s operation and 
functional analysis. Results on the impact on the social and organizational aspects are 
presented in Chapter 6 and the next chapter provides the findings on the comparative analysis 
of the techno-economic aspect of the REP. 
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Chapter 5 : Analysis on the solar PV-diesel hybrid system’s operation and 
performance 
5.1 Introduction 
 The aim of this chapter is to present the analysis of the system operation and 
performance of the solar PV-diesel hybrid systems. The analysis is presented into three 
sections. The solar energy potential at each school is described in Section 5.2. Section 5.3 
discusses the energy demand and generation.  The system performance analysis contains in 
Section 5.4 which describes the system functionality and operation and evaluates the 
sustainable indicators of solar PV system in technical point of view. In the later section, the 
chapter is summarized. Data on the system operation was recorded at each school for fifteen 
minutes interval daily and the period was between two to three years from 2011 – 2014, 
except for SK Poring which was recorded in May 2010 to April 2012. Data at the school was 
not being recorded due to data logger failure. Detail of the recorded period interval can be 
found in Appendix 5. 
125 
 
5.2 Solar energy resources and potential 
 
Figure 5.1: Average daily irradiation recorded at 11 schools. 
 
Malaysia has two seasons which are a dry season from April to October and a rainy 
season from November to March every year. Most locations have a relative humidity of 80–
88%, rising to nearly 90% in the highland areas and never falling below 60%. The irradiation 
level at a horizontal plane which was measured at each school was higher than the region 
average [84] (Figure 5.1) except at SK Poring due to its location at highland (836 m). The 
area is always surrounded with cloud especially in the afternoon. The irradiation, which was 
recorded for several years at fifteen minutes interval every day (as mention in section 
4.5.1.1), was normalized to daily irradiation at each school. This would describe the intensity 
of the solar resources at the location and determines the potential of generating electricity 
power from a solar PV power supply system. The highest irradiation was recorded at SK 
Sungai sungai (5.38 kWh/m2/d). This value indicates that a 1 kWp solar PV system has the 
potential to generate 1,963.7 kWh of electricity energy annually. Furthermore, a 1 kWp solar 
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PV system installed at SK Poring can produce 1,029.3 kWh of electricity energy annually. 
The average standard deviation (SD) of the irradiation level at all sites was low at 1.10 
kWh/m2/d, which means the daily irradiation level was marginally differed by location as 
shown in Table 5.1. Detail daily solar irradiation at each school during the recorded period is 
shown in Appendix 6. 
Table 5.1: Solar irradiation at 11 schools; minimum, maximum, average and standard 
deviation. 
Schools 
Irradiation 
(kWh/m2) SD 
Maximum Average
SK Poring 5.54 2.58 0.87
SK Labuk Subur 7.12 4.66 1.13
SK Litang 6.37 4.09 0.98
SK Rungus Nahaba 7.70 4.15 1.15
SK Golong 6.50 4.73 1.14
SK Luasong 7.42 4.60 1.05
SK Tg Paras 6.88 4.18 1.08
SK Lung Manis 6.49 4.32 1.03
SK Matupang 6.83 4.46 1.00
SK Sungai sungai 8.44 5.38 1.58
SMK Timbua 6.42 4.35 1.08
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Figure 5.2: Solar irradiation at SK Sungai sungai. Data was recorded from August 2014 to 
February 2015. 
 
 For example, Figure 5.2 shows the daily irradiation at SK Sungai sungai for the 
recorded period from August 2014 to February 2015. The location received the high intensity 
of solar radiation during the recorded period, which the maximum irradiation reached 8.44 
kWh/m2 on the 4th November 2014. However, in the following months which were from 
December 2014 to February 2015, the solar radiation level reached its lowest in January 2015 
at 3.8 kWh/m2/d. The average daily irradiation for August 2014 to February 2015 is shown in 
Table 5.2. The effect of dry season (August – October) and rainy season (November – 
February) did not much influence the daily irradiation level except in January 2015. Even 
though the standard deviation of the measured solar radiation was low, but it shows 
increment from August to January and reached its highest in December and January. Two 
days were recorded below 1 kWh/m2, which were on the 18th December 2014 (0.61 kWh/m2) 
and 10th January 2015 (0.58 kWh/m2). The effect of solar irradiation level on the electrical 
energy generation and consumption is further discussed in section 5.3.  
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Table 5.2: Average daily irradiation at SK Sungai sungai from August 2014 to February 
2015.   
Month 
Average daily 
irradiation 
(kWh/m2/d) 
SD 
Aug-14 5.64 1.04 
Sep-14 5.73 1.17 
Oct-14 5.89 1.30 
Nov-14 6.05 1.48
Dec-14 5.08 1.88 
Jan-15 3.80 1.51 
Feb-15 5.43 1.45 
 
The ambient temperature remains uniformly high throughout the year, between 27oC and 
33°C. Thus, the performance of a solar PV module depends much on the ambient temperature 
[124]. A higher temperature would reduce the solar PV performance. This happens when the 
solar PV modules are heated by thermal insulation as the light from the irradiance fall onto 
the cell surface. Thus the module temperature would increase as well. The solar PV module 
performs at its best at its Standard Test Condition (STC) when the module temperature at 
25oC and irradiation at 1 kW/m2. However, in real time operation especially in hot and 
climate region like Malaysia, the performance of the solar PV module never reaches the STC 
operation. This is due to the temperature coefficient of solar PV module, commonly provided 
by the manufacturer datasheet; determines the effect of module temperature on the solar PV 
output (Isc, Voc and Pmax). Thus, for low latitude and higher ambient temperature region, the 
performance ratio of solar PV module is lower and vice versa [141]. The ambient temperature 
at 11 schools is shown in Table 5.3. The temperature varies marginally throughout the year 
with SD in between 1.00 – 1.58 oC. 
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Table 5.3: The ambient temperature at 11 schools. 
School 
Tamb  
(oC) 
Average Max Min SD 
SK Golong 26.43 29.33 22.69 1.27 
SK Litang 27.13 30.09 20.29 1.34 
SK Lung Manis 27.14 29.75 23.15 1.27 
SK Luasong 27.51 31.96 24.63 1.58 
SK Labuk Subur 27.63 23.09 31.29 1.26 
SK Poring 23.69 26.58 21.08 1.16 
SK Matupang 26.52 29.3 23.2 1.06 
SK Tg Paras 28.06 30.42 23.42 1.00 
SK Sungai sungai 27.58 30.27 24.52 1.14 
SMK Timbua 26.15 29.08 22.65 1.10 
SK Rungus Nahaba 22.66 25.6 19.0 1.05 
 
 Figure 5.3 shows a linear relationship between the solar PV module temperature and 
the solar irradiation on array plane. The data was recorded at eight locations out of eleven 
systems. The remaining three systems did not have enough data on solar PV module 
temperature due to malfunction on the thermocouple sensors. The figure shows that the solar 
PV module temperature rises as the solar irradiation increases. Seven of the systems show 
similar correlation. The hottest solar PV module temperature and the highest range of solar 
irradiation were spotted at SK Sungai sungai. Referring to the figure, the maximum and 
minimum solar PV module temperature at SK Sungai sungai are 69.8 oC and 25.9 oC 
respectively. SK Labuk Subur, SMK Timbua and SK Matupang show a slight rise of solar 
PV module temperature with the increase of solar irradiation as compared to SK Sungai 
sungai, SK Golong, SK Litang and SK Lung Manis. The ambient temperature is relatively 
low due to the system at SK Labuk Subur, SMK Timbua and SK Matupang are surrounded 
by forest and plantation, whereas system at SK Sungai sungai, SK Golong, SK Litang and SK 
Lung Manis located on flat and open land, and located slightly far from the natural forest. 
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However, the relation of the temperature and the solar irradiation differ than the other 
locations for the system at SK Poring. Even though the range of the solar irradiation received 
at the site was lower as compared to the other systems, the solar PV module temperature was 
high. The ambient temperature was recorded the lowest among all the sites due to the school 
is located on highland. Analysis on the solar PV module at SK Poring reveals that it can be 
due to the effect of snail track observed at most of the solar PV module. This finding is 
discussed in section 5.4.3.1. 
 
Figure 5.3: The correlation between solar PV module temperature and solar irradiation. 
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Figure 5.4: Irradiance, ambient and solar PV module temperature at SK Sungai sungai on the 
4th November 2014. 
Figure 5.4 shows the relation of solar irradiance on the ambient and module 
temperature. The day was selected for the highest solar irradiation was recorded on that day 
(recorded period from August 2014 – February 2015).  Higher values of solar irradiance level 
and ambient temperature heated the solar PV module and thus increased its temperature 
linearly. The solar irradiation was recorded at 8.44 kWh/m2. As shown in Figure 5.5, due to 
the high solar irradiation at the school on the 4th November 2014, the solar PV array 
generated 216.54 kWh of electricity. The solar PV array produced enough electrical power 
during the daytime to supply both the load and to charge the battery (Figure 5.5). A negative 
value of the battery power means that the battery was under charging process. This condition 
would ensure that the battery was charged at the optimum during the daytime for it’s to be 
discharged during night time. Total energy consumed by the end user was recorded at 153.27 
kWh which energy consumed during daytime was at 60.8 kWh. Almost 60% of the energy 
demand was during the night time. Furthermore, the high penetration of the solar energy 
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resource and the energy generated by the solar PV array as well as discharged energy from 
the storage system, made the State of Charge (SOC) of the battery system reached its lowest 
and highest value at 58% and 95.4% respectively. As described in Section 3.6.1, the diesel 
generator was not in operation due to the State of Charge (SOC) of the battery never reached 
40%. The energy demand and system energy generation are discussed further in Section 5.3.      
 
Figure 5.5: Electrical energy flow and battery state of charge at SK Sungai sungai on the 4th 
November 2014. 
In contrast, the low amount of solar irradiation on the 10th January 2015 (Figure 5.6), 
cooled the solar PV module at the lower temperature than the ambient temperature. This 
could be the effect of the cloudy and rainy day that prevents the module temperature to be 
heated by the solar radiation. The solar irradiation was recorded at 580 Wh/m2 and the 
maximum irradiance was at 108 W/m2. The effect of the low solar resource caused the solar 
PV array to produce less energy and thus could not meet the load demand of the school 
during daytime (Figure 5.7). However, the unmet energy produced by the solar PV was 
compensated by the battery storage that produced sufficient energy to supply to the load. 
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Thus, the diesel generator was not required to be operated. The battery system was 
discharged throughout the day where it reached its minimum level at 66.3% at midnight. If 
the same condition followed for several days, the solar PV and the battery might not be able 
to supply sufficient energy to meet the demand and thus required diesel generator to be in 
operation.  
 
Figure 5.6: Irradiance, ambient and solar PV module temperature at SK Sungai sungai on the 
10th January 2015. 
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Figure 5.7: Electrical energy flow and battery state of charge at SK Sungai sungai on the 10th 
January 2015. 
 
5.3 Energy demand and system energy generation  
5.3.1 Energy demand and load profile 
Table 5.4 presents information about the 11 rural schools in terms of the number of 
occupants, type of residency for the teachers and access to the schools. For schools that are 
located more than 30 km from the nearest town, the teachers and staff chose to stay at the 
schools quarters. Improper road access also determines the selection of residencies type. The 
teachers and staff at SK Tg Paras commuted daily to the school from Kudat (the nearest 
town) by boat. Boat services were available daily from Kudat to Tg Paras village to transport 
the teachers as well as the villagers. Normally the boat operators would charge GBP1 per trip 
per person. 
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Table 5.4: Information on the eleven schools. 
Schools 
Occupants Number 
of school 
buildings
Residence 
Distance 
to 
nearest 
town 
Access  
Teachers Students
SK Sungai 
sungai 
24 280 15 Quarters 148 km Asphalt 
road 
SK Golong 16 195 13 Quarters 107 km Gravel 
road for 
10 km 
SK Litang 17 64 11 Quarters 73 km Gravel 
road for 
50 km 
SK 
Matupang 
22 144 10 Quarters / 
Town/village 
nearby 
41 km Asphalt 
road 
SK Lung 
Manis 
18 185 12 Town nearby 67 km Gravel 
road for 
5 km 
SK Labuk 
Subur 
14 111 5 Village 
nearby 
85 km Gravel 
road for 
6 km 
SK 
Luasong 
24 269 9 Quarters/ 
village 
nearby 
98 km Gravel 
road for 
22 km 
SK Poring 12 9 4 Quarters 40 km Asphalt 
road 
SMK 
Timbua 
52 534 25 Quarters 61 km Gravel 
road for 
8 km 
SK Rungus 
Nahaba 
12 26 10 Quarters 31 km Gravel 
road for 
11 km 
SK Tg 
Paras 
17 235 9 Town nearby 5 km Boat 
 
Expected values of the energy demand are referred to as daily load consumption 
which is equivalent to 40% Depth of Discharge (DOD) of the batteries per day as explained 
in Section 3.6.1. The lower the daily DOD of the batteries, the battery bank could have bigger 
storage size and more days of autonomy. However, this would also increase the capital cost 
of the battery system and the total investment expenditure.  
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The actual daily energy consumption of each school shows less energy usage than the 
expected values (Figure 5.8). All of them have enough margins in terms of energy capacity 
for future demand growth. Three of the systems (SK Golong, SK Litang and SMK Timbua) 
almost reached the expected value of 92.8%, 87.8% and 81.7% respectively. The remaining 
systems used between 50% and 80% of the actual and expected energy consumption ratio. 
The types of teachers’ residencies, the number of occupancies and the location of the schools, 
as shown in Table 5.4, determine the level of daily energy consumption by each school.   
 
Figure 5.8: Comparison between expected and actual daily energy consumption. 
 Figure 5.9 provides further explanation on the trend of energy usage at each school. 
The annual energy demand, gathered from the daily load profile, was normalized against the 
system rated capacity. The aim is to verify how much energy was used for each kWp of solar 
PV. The figure agrees that the energy demand density was higher for the school that teachers 
and staffs stayed in the quarters. Even though no teachers and staffs live in SK Tg Paras, the 
energy profile was similar to SK Luasong which some teachers and staff live in the quarters. 
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The school was equipped with seven air-conditioning units that made the energy demand 
during school period higher. SK Poring was the lowest in energy consumption for its small 
occupants of only 12 teachers and 9 students. 
 
Figure 5.9: The normalized annual energy demand against the system rated capacity. 
 The type of load at each school in general consists of Compact Fluorescent Lights 
(CFL) of 24 W each, compound/street light using CFL for the walkway and school road 
access, ceiling fans of 70 W each and power sockets. The compound/street lights were in 
operation for 12 hours daily at night (6 pm to 6 am). The power sockets were used for 
electrical appliances like computers, laptop, printer, photocopy machine, projector and air-
conditioning unit for school building, while quarters would normally use television set, radio, 
refrigerator, rice cooker and hair dryer. Mobile phone charger might also be used by the end 
users for areas within mobile network coverage. However, it was difficult to determine the 
exact type of electrical appliance since some of them belong to the users for personal used. 
The following section gives detail explanation on the load profile pattern of each school. 
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5.3.1.1 System capacity of 20 kWp and less (SK Litang, SK Labuk Subur, SK Poring 
and SK Rungus Nahaba) 
  
(a)                                                  (b) 
  
   (c)             (d) 
Figure 5.10: Daily load profile at (a) SK Litang, (b) SK Labuk Subur, (c) SK Poring and (d) 
SK Rungus Nahaba. 
 
 Figure 5.10 shows the weekdays and weekend load profile of schools with solar PV 
system capacity of 20 kWp and less. The daily load profile at each school was recorded and 
averaged into 24 hours profile of weekdays and weekend. None of the schools showed 
similar a trend of daily load profile between each other. However, the energy usage trends 
were similar for both weekdays and weekend load profile at each school. The weekdays and 
weekend profile was marginally differed at SK Litang as teachers tend to stay at the school 
during the weekend for the distance of the school to the nearest town and gravel road access 
of 50 km which implied higher cost in transportation and longer traveling time. The road 
condition to SK Litang is shown in Figure 5.11. Hence, 4x4 transports are required to access 
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the site. The condition of the road will be very difficult in wet and monsoon season. 
Furthermore, some teachers are originally from the village nearby. 
 
Figure 5.11: Gravel with red clay road to SK Litang. 
 The maximum power demand during school period (7 am to 1.30 pm) at three 
schools, SK Litang, SK Labuk Subur and SK Rungus Nahaba ranges between 1.7 – 2.5 kW. 
This shows that the schools used an almost same amount of load capacity during classes. For 
schools which teachers lived in the quarters, the loads were higher at night and reach its peak 
at 8 pm. The lowest load profile was reported at SK Poring (maximum load = 910 W and 
minimum load = 310 W). A small number of occupants and lesser school buildings compared 
to the other three schools explain the reasons (refer to Appendix 3 for school buildings 
information).  
 The daily energy consumptions of each school with the system capacity of less than 
20 kWp are shown in Figure 5.12 to Figure 5.15. Some data was lost during the recorded 
period and the analysis did not include the missing period. The figures describe the demand 
drivers for the schools and which factors that influenced the energy consumption of each 
school. As discussed in the previous section, the factors to consider include seasonal climate 
(dry and rainy season), school holiday, weekdays over the weekend profile, the size of school 
occupancy and the type of residency. As shown in Figure 5.12 to Figure 5.15 the red circle 
represents the school holiday period. The energy profile reached its peak during weekdays 
and was at its minimum in the weekend and school holidays for each school.  
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 The energy profile of the four schools did not influence the seasonal climate of the 
rainy season (November to March) and dry season (April to October). The daily energy 
consumption marginally differed during the recorded period. However, during the school 
holidays (red circle), the energy demand of each school was at its minimum and almost 
similar with the weekend energy profile. Most school buildings were not occupied during the 
school holidays and weekend as the teachers and staff would leave school during the school 
break. However, some loads were still functioning such as compound light, guard house, and 
corridor light.  
The fraction of energy consumption between day time and night time is shown in 
Table 5.5. All three schools (SK Poring, SK Rungus Nahaba and SK Rungus Nahaba) had 
similar weekday and weekend energy consumption fraction for both daytime and night time. 
Weekday energy used during daytime was the highest (61.8%) for SK Labuk Subur than the 
other schools for most of its loads were consumed during school time due to none of the 
teachers and staffs stays at the quarters. The school consumed mostly during the daytime 
except from May 2013 to July 2013 where it was reported some teachers used to stay at the 
school quarters. However as the number of school buildings at SK Labuk Subur is five blocks 
compares to SK Litang (11 blocks) and SK Rungus Nahaba (10 blocks), the differences 
between average daily energy consumption in weekdays and weekend/school holiday is 
marginal at 3.62 kWh/day. SK Poring had the lowest daily energy consumption for its 
smallness in size of the school (4 blocks) and a number of occupants (12 teachers/staff and 9 
students). 
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Table 5.5: Fraction of daily energy consumption for system capacity less than 20 kWp. 
Schools 
Weekday Weekend / School holiday 
Fraction Fraction 
Daytime Night time Daytime
Night 
time 
% % % % 
SK Poring 56.9% 43.1% 53.8% 46.2% 
SK Litang 54.2% 45.8% 52.0% 48.0% 
SK Labuk Subur 61.8% 38.2% 58.2% 41.8% 
SK Rungus Nahaba 57.1% 42.9% 53.1% 46.9% 
  
 
Figure 5.12: Daily energy consumption at SK Poring. 
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Figure 5.13: Daily energy consumption at SK Litang. 
 
 
Figure 5.14: Daily energy consumption at SK Labuk Subur. 
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Figure 5.15: Daily energy consumption at SK Rungus Nahaba. 
Similar conditions were observed at other schools that the daily energy demand 
drivers of the schools were due to school holiday and weekend, weekdays, the size of 
school’s occupancy and the type of residency (detail data can be found in Appendix 7). The 
energy profile reached its peak during weekdays and was at its minimum in the weekend and 
school holidays for each school. The seasonal climate of dry and rainy season shows less 
effect on the daily energy demand. 
Figure 5.16 shows the relation between levels of daily irradiation and the daily energy 
consumption at each school. It can be seen that the correlation suggests a weak association 
between the two variables where the value of the correlation coefficients5 (r) at SK Poring, 
SK Litang, SK Labuk Subur and SK Rungus Nahaba were 0.194, 0.07, 0.28 and 0.34 
respectively. Hence, the level of the irradiation intensity at each school has less effect on the 
                                             
5 The range of correlation coefficient (r) is between -1 and +1 and describes the direction and strength of the 
linear association between two variables. The sign of the correlation indicates its direction and r value closer to -
1 or +1 indicates a strong relation between the variables and vice versa.   
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school’s daily energy consumption. The correlation at the other schools shows similar result 
which is described in Appendix 8. 
 
Figure 5.16: Correlation between daily energy consumption and irradiation at schools with 
system capacity 20 kWp. 
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5.3.1.2 System capacity of 30 kWp (SK Golong, SK Luasong and SK Tg Paras) 
  
(c) (b) 
 
(c) 
Figure 5.17: Daily load profile at (a) SK Golong, SK Luasong and (c) SK Tg Paras. 
 Two schools, SK Tg Paras and SK Luasong shows similar load profile pattern (Figure 
5.17). There are only two quarters for teachers at SK Luasong and thus most of the teachers 
and staffs have to stay at a village nearby. The load demand at the school reached its peak 
during school time at 4.09 kW. For SK Tg Paras, as mention earlier, due to several numbers 
of air-conditioning units installed, the load demand was the highest among the three schools 
(maximum demand = 5.47 kW).  Night load consumption at SK Tg Paras shows similar 
trends for both weekdays and weekend due to a small number of occupants at night, mainly 
the school security staffs. The night load was used for the security post, corridor light and the 
compound lightings.  
 In contrast, the load was used constantly throughout the day at SK Golong with SD 
was 0.453 kW in weekdays and 0.425 kW in the weekend. The load was differed by 0.554 
kW between weekdays and weekend due to some teachers and staffs preferred to stay at the 
0
1
2
3
4
5
1 4 7 10 13 16 19 22
Po
w
er
 (k
W
)
Hours
SK Golong
Weekdays Weekend
0.0
1.0
2.0
3.0
4.0
5.0
1 3 5 7 9 11 13 15 17 19 21 23
Po
w
er
 (k
W
)
Hours
SK Luasong
Weekdays Weekend
0.0
1.0
2.0
3.0
4.0
5.0
6.0
1 3 5 7 9 11 13 15 17 19 21 23
Po
w
er
 (k
W
)
Hours
SK Tg Paras
Weekdays Weekend
146 
 
school over the weekend as the distance of the school to the nearest town is far and the school 
is accessible using gravel road.  
 The fraction of energy consumption between day time and night time is shown in 
Table 5.6. SK Luasong and SK Tg Paras shows higher fraction of energy usage during 
daytime as compared to night time in weekdays at 59.5% and 63.1% respectively. Both 
schools have similar size of building capacity (9 buildings each school) (refer to Table 5.4). 
The occupants at SK Golong used more energy at night as compared to SK Luasong and SK 
Tg Paras due to most teachers and staffs stays at the school quarters.  
Table 5.6: Fraction of daily energy consumption for the system capacity of 30 kWp. 
Schools 
Weekday School holiday/Weekend
Fraction Fraction 
Daytime Night time Daytime
Night 
time 
% % % % 
SK Golong 54.4% 45.6% 53.1% 46.9%
SK Luasong 59.5% 40.5% 52.9% 47.1%
SK Tg Paras 63.1% 36.9% 53.3% 46.7%
 
5.3.1.3 System capacity of 40 kWp (SK Lung Manis and SK Matupang) 
  
   (a)            (b) 
Figure 5.18: Daily load profile at (a) SK Lung Manis and (b) SK Matupang. 
 The daily load pattern for SK Lung Manis and SK Matupang were almost equal 
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Lung Manis and 4.22 kW at SK Matupang. However, during the weekend, the load was 
constant at both schools.  
 The patterns were also similar with load profile at SK Luasong. This shows that the 
actual energy demand at the three schools was the same, although the system capacity at SK 
Luasong was smaller than the other two schools. The average daily energy demands at SK 
Lung Manis, SK Matupang and SK Luasong were 61.72 kWh/d, 65.43 kWh/d and 60.15 
kWh/day respectively. Both schools, SK Lung Manis and SK Matupang, utilized 54% of 
expected energy that can be generated by the system. It was also reported that some new 
buildings had been constructed after the solar PV system was online. A computer lab with 15 
computers at SK Matupang and 4 unit teachers’ quarters at SK Lung Manis were built in 
2013. Verbal conversation with the project implementer mentioned that those buildings were 
included in the system designed. However, on the day the field study was conducted, those 
buildings were still not connected to the system which explains the difference in the expected 
and actual energy demand. A unit teachers quarters is estimated to consume 8 kWh/d6 of 
electricity. Should the buildings were connected to the system in the future, it would increase 
the energy demand by almost 30% as compared to the expected energy demand based on the 
present load consumption.  
 Similar to the other school with less or no teachers and staffs stay at the schools as 
described in the previous section, the fraction of daytime and night time for weekdays shows 
related trends of approximately 60% daytime and 40% night time of energy consumption. 
During the school holidays or weekend, the fraction in daytime was in the range of 53.7% to 
54.8% as shown in Table 5.7.  
 
 
                                             
6 Energy consumption of 8 kWh/d is the standard estimation for household electricity usage for rural 
electrification program in Malaysia. Data was provided by the Ministry of Rural and Regional Development. 
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Table 5.7: Fraction of daily energy consumption for the system capacity of 40 kWp. 
Schools 
Weekday School holiday/Weekend 
Fraction Fraction 
Daytime Night time Daytime
Night 
time 
% % % % 
SK Lung Manis 60.4% 39.6% 53.7% 48.3%
SK Matupang 59.1% 40.9% 54.8% 45.2%
   
5.3.1.4 System capacity of 60 kWp (SK Sungai sungai and SMK Timbua)  
  
   (a)            (b) 
Figure 5.19: Daily load profile at (a) SK Sungai sungai and (b) SMK Timbua. 
 Similar to the other locations where the teachers stay at schools, the energy demand at 
SK Sungai sungai and SMK Timbua shows higher load at night compared to daytime (Figure 
5.19). Although the number of occupants and school buildings was almost double at SMK 
Timbua than SK Sungai sungai, the daily energy demand was differed by 33 kWh/d. The 
availability of the electricity services from the grid network exactly after a year the system 
was online at SMK Timbua provides an option to the teachers’ quarters and school office to 
use the grid electricity during day time and they would switch to the solar PV system at night. 
The energy usage fraction at SMK Timbua almost similar during weekdays and weekend due 
to the school has a student hostel and most of the student who stays at the hostel would not 
leave the school due to distance from their home/village (Table 5.8). The energy consumption 
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in day time during weekday mainly was used for school building (classes, canteen, computer 
room and lab), while the hostel would contribute most in the night time during the weekdays. 
Table 5.8: Fraction of daily energy consumption for the system capacity of 60 kWp. 
Schools 
Weekday School holiday/Weekend 
Fraction Fraction 
Daytime Night time Daytime
Night 
time 
% % % % 
SK Sungai sungai 52.2% 47.8% 48.7% 51.3%
SMK Timbua 49.9% 50.1% 49.2% 50.8%
5.3.2 Energy generation from solar PV and diesel generator system 
 The electricity energy generated by the eleven solar PV systems were accumulated at 
294 MWh/year which is equivalent to 93.14% of the total energy produced by both solar PV 
and diesel generator systems as shown in Figure 5.20. The lowest energy produced by the 
diesel generator was recorded at SK Labuk Subur. The diesel generator was running for 181 
hours in three years of the system operation period at 0.32 kWh/yr. The second lowest in 
diesel usage was SK Matupang at 201.36 kWh/yr.   
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Figure 5.20: Annual electricity energy generated from solar PV and diesel generator system. 
 
 The highest contribution mix ratio of solar PV and diesel generator operation was at 
SK Poring where 30% of the total energy produced by the fossil fuel power supply. Figure 
5.21 below describes the energy generation from solar PV and the diesel generator at SK 
Poring from May 2010 to April 2011. The diesel generator was in operation almost every day 
and became frequent from January 2011 onwards.  The average actual load was recorded at 
15.46 kWh/d, which was half the expected value at 28.8 kWh/d. Even though the load was 
constant as shown in Figure 5.22, the battery SOC level drastically dropped to just 20%. This 
situation happened after midnight, which initiated the diesel generator for the charging 
process. The battery voltage was at low voltage level (1.8 Vdc per cell) even though the SOC 
level was more than 50%. The batteries were unable to produce sufficient energy as its actual 
capacity was lower than the nominal value. Hence, the consumption of the fossil fuel 
increased. Section 5.4 gives an explanation on the battery condition at SK Poring. 
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Figure 5.21: Electricity energy generated from solar PV and diesel generator at SK Poring 
(1/5/2010 – 28/4/2011). Data was loss from 24th – 27th June 2010 and in October 2010. 
 
Figure 5.22: Battery system SOC and voltage on 17-18/1/2011 at SK Poring. 
 The next section describes the findings of the system operation and functional analysis. 
The findings are explained into the functionality of the system from observations and 
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measurements that were carried out during the field study and determinant of the system 
performance and reliability.  
5.4 System operation and functional analysis    
 A total of 2,290 solar PV modules (capacity of 165 Wp, 170 Wp, 180Wp and 260 Wp 
each), 173 units of inverters, 1,008 units battery (2V each) and 15 units diesel generator were 
assessed. Observations were made on the physical condition of each component of the solar 
PV system at each school. Any sign of damage, degrading and/or deteriorating of the 
components were noted and recorded. The PV strings, battery voltage and temperature, diesel 
generator, inverter and charge controller were measured to identify its operation parameters. 
5.4.1 Observations 
In general, all systems experienced an absence of maintenance works for some period 
of time (in between 6 months to 18 months). The majority of the PV modules were found 
with soil, dirt and bird dropping. This situation happened during the transition of the end of 
installation warranty period contract and a new maintenance contract. It was found during the 
field study; three systems (SK Poring, SK Kuala Kahaba and SK Pangas) were under 
maintenance works as the maintenance contract for systems was renewed in June 2014. 
Findings on the observation on the solar PV modules are shown in Table 5.9. 
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Table 5.9: The solar PV physical condition by year of system installation. 
Observation indicators 
Year installation 
2009 2011 2012 2014 
3 systems 9 systems 2 systems 1 system 
Backsheet 
appearance 
Like new 3 9 2 1 
Backsheet 
Damage 
no damage 3 8 2 1 
small, 
localized 
0 1 0 0 
Wires like new 0 1 0 1 
pliable, but 
degraded 
3 8 2 0 
Connector like new 0 3 0 1 
pliable, but 
degraded 
3 5 1 0 
Junction box: 
physical state 
intact 3 9 2 1 
Frame appearance like new 3 9 2 1 
Glass: appearance clean 3 2 0 1 
lightly soiled, 
dirt and bird 
drop 
0 5 1 0 
heavily soiled, 
dirt and bird 
drop 
0 2 1 0 
Metallization: 
gridlines 
appearance 
like new 2 6 2 1 
light 
discolouration 
1 3 0 0 
Metallization: 
busbars 
appearance 
like new 3 9 2 1 
Metallization: cell 
interconnect 
ribbon appearance 
like new 2 9 2 1 
dark 
discolouration 
1 0 0 0 
Metallization: 
string appearance 
like new 2 9 2 1 
light 
discolouration 
1 0 0 0 
Silicon module: 
discolouration 
like new 0 6 2 1 
light 
discolouration 
3 3 0 0 
Delamination no 3 9 2 1 
yes 0 0 0 0 
Snail tracks No problem 2 9 2 1 
Snail tracks 1 0 0 0 
Damage No problem 3 9 2 0 
Cracked 0 0 0 1 
 
 Most solar PV modules were found to be in good condition physically except some 
installations with issues on the soiled, dirt and birds drop. Three systems were found heavily 
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soiled, dirt and birds drop (Figure 5.23).  Some degraded accessories like wires and 
connectors could be seen on the outer part of the components but the installations were intact 
and pliable. Issues on discolouration, delamination and snail tracks were observed. Two 
systems at SK Kuala Kahaba and SK Pangas were found with low-quality cable management 
in the DC junction box and cable tags were degraded which create difficulties in tracing the 
wires as shown in Figure 5.24 (a). The solar PV modules at SK Poring were found with snail 
tracks as shown in Figure 5.24 (b). Figure 5.24 (c) shows bird nest at one of the grid inverters 
at SMK Timbua. The installation of each systems was later included with a cage as shown in 
Figure 5.26 (a).  
The solar PV modules were installed 4 meters from ground level, in an open area and 
distance from any obstruction like buildings or trees that prevent shading effect. Shading 
effect from trees is a common issue for solar PV installation in rural areas [2]. However, the 
shading effect was observed at SK Luasong where some parts of solar PV modules were 
shaded by trees as shown in Figure 5.25.  
   
(a) (b) 
   
    (c)           (d) 
Figure 5.23: Soil, dirt and birds drop issue at (a) and (b) SK Golong, (c) SMK Timbua and 
(d) SK Tagibang. 
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   (a)   (b)     (c) 
Figure 5.24: (a) Low quality DC junction box cable management at SK Kuala Kahaba, (b) 
Snail tracks at SK Poring and (b) bird nest at SMK Timbua. 
   
    (a)               (b) 
Figure 5.25: Shading effect from trees at SK Luasong. 
 
    
   (a)               (b)     (c) 
Figure 5.26: (a) DC junction boxes and grid inverters which were installed with cage for 
protection from vandalism and birds at SK Sungai sungai. (b) DC junction box at SK Golong. 
(c) Installation on bidirectional inverters, switchboards and cable management at SK Sungai 
sungai 
 
The other system components; inverters, batteries, diesel generator units, cables and 
switch boards, were physically in good condition but required cleaning and housekeeping as 
shown in Figure 5.27.  
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Figure 5.27: Insects droppings at SK Litang. 
 
The findings from the observation approach can be categorized into organizational, 
social and technical. Table 5.10 below describes the issues and the implications of each 
category. 
Table 5.10: Lists of issues related to the operation of the solar PV-diesel hybrid system. 
Category Issues Description Implication 
a) Organisational  i) Absence of operation 
and maintenance work 
All systems experienced at least 6 
months without maintenance due to 
the warranty of the installation work 
ended and the project owner did not 
implement new maintenance work 
immediately. The future direction of 
the program was uncertain and 
planning for the program was 
incomprehensive. 
The majority of the panels 
were found with soil, dirt 
and bird drops. Other 
findings were the defect of 
the PV panels due to 
discolouration, array shaded, 
back sheet delamination, 
snail tracks and 
manufacturer defect on the 
gridlines. Other components 
like battery, inverter and 
diesel generator were also in 
need of cleaning and 
housekeeping.  
ii) Coordination and 
planning with utility 
services 
Grid electricity network is always 
being the priority for rural area 
electricity supply. The solar PV-
diesel hybrid system is considered as 
a temporary solution and only was 
installed if the school and the area 
nearby would not be connected by 
the grid electricity network for more 
than five years from the date of 
installation. Lack of communication 
& coordination among the 
authorities made it difficult to obtain 
accurate information and planning 
from the electricity utility.  
Five schools are presently 
available with grid 
electricity network and two 
schools with infrastructure 
works in progress. 
Unutilized system when the 
school is connected to the 
grid network.  
b) Social i) Theft of power 
 
 
The case of illegal connection to 
nearest villagers’ house was 
observed at SK Tagibang.  
 
Increase in load demand 
which implicates the ability 
of the system to give 
sufficient power. 
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Insufficient battery charging 
process & increase operation 
of the diesel generator. 
c) Technical i) Equipment failure i) Two generators were faulty due to 
starter failure (SK Kenang Kenangan 
and SK Litang), diesel generator 
battery charger failure reported at SK 
Luasong, diesel generator battery 
was damaged and in need of 
replacement at SK Tagibang and no 
fuel was reported at SMK Timbua. 
ii) A system failure at SMK Timbua 
due to bidirectional inverters broke 
down, and a bidirectional inverter at 
SK Lung Manis had temperature 
sensor failure. 
No energy backup to the 
system which can affect the 
system performance. 
 
 
 
 
 
The system operated at 
lower capacity. 
5.4.2 Measurements 
a) Solar PV 
 Summary of the Fill Factor (FF) and performance factor of each solar PV modules are 
described in Table 5.11 below. A total of 249 solar PV strings from 15 solar PV systems were 
inspected. The FF, performance factor, irradiation and module temperature of the solar PV 
strings were averagely calculated. As mention in Chapter 4, section 4.4.1.1, the target value 
of performance factor should be 90% or higher if the installations were correct and free from 
other effects like shading, soil and dirt and degraded module. Measurements were taken in 
between 12 pm to 3 pm but weather condition varied. No measurements were taken when the 
irradiation level lower than 300 W/m2. It can be observed that for systems with heavy soil 
and dirt, and birds drop at SK Golong, SMK Timbua and SK Tagibang, the performance 
factor were lower than 90%. The FF value at those systems was also lower as compared with 
other systems but higher than systems at SK Kuala Kahaba and SK Pangas. The systems at 
SK Kuala Kahaba and SK Pangas which were installed two years earlier could be degraded 
than other systems and the low-quality cable management and installation which made the 
systems performed lower (Figure 5.24 (a)).  
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Table 5.11: Fill Factor and Performance Factor of the solar PV system. 
School name 
No of 
PV 
strings 
PV 
system 
voltage
Irradiation Module temperature
Fill 
Factor 
Performance 
Factor 
Vdc W/m2 oC - % 
SK Golong 16 240 968.97 50.28 0.68 85.18 
SK Kenang kenangan 12 240 584.12 57.73 0.69 96.54 
SK Kuala Kahaba 32 48 411.28 41.58 0.64 90.83 
SK Labuk Subur 10 240 809.87 58.39 0.7 99.43 
SK Litang 10 240 799.17 57.28 0.72 95.63 
SK Luasong 16 240 922.09 43.78 0.64 91.91 
SK Lung Manis 18 240 609.29 47.68 0.71 96.66 
SK Matupang 18 240 922.09 54.02 0.71 99.51 
SK Poring 11 240 776.21 44.75 0.71 98.04 
SK Rungus Nahaba 10 240 774.14 42.84 0.71 95.16 
SK Sungai sungai 18 240 553.35 42.54 0.72 96.57 
SK Tg Paras 16 240 973.77 54.48 0.75 97.61 
SMK Timbua 18 240 887.91 55.33 0.68 86.03 
SK Tagibang 12 240 381.42 42.36 0.67 86.67 
SK Pangas 32 48 900.7 49.67 0.63 90.15 
 
Figure 5.28 shows an example of the PV performance curve (IV and power curve) of 
string 15 at SK Lung Manis. The measurement was conducted at irradiation of 552W/m2 and 
module temperature at 48.3oC. The expected values were determined using the 5 parameter 
method. The graph shows that the Isc measurement value was lower than the expected value 
due to the light soil and dirt formed at the edge of the solar PV modules. The slope near Isc 
did not match the expected slope which was caused by some shunt current that existed in the 
PV cells or modules. The performance factor of the string was 95.9% and the FF was 0.72.  
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Figure 5.28: Solar PV performance curve for string number 15 at SK Lung Manis. 
 
In contrast, Figure 5.29 shows the performance curve of string number 6 at SK 
Golong with heavy soil and bird dropping which resulted in lower Isc than expected and 
steeper slope near Isc which did not match the expected values. The performance factor of the 
PV string is 77.1% and the FF was 0.56. 
 
Figure 5.29: Solar PV performance curve for string number 6 at SK Golong. 
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The shading effect observed at SK Luasong made FF at 0.64. However, the 
performance factor was higher than 90% due to only two modules were shaded at noon; ie, 
during the peak sun irradiation. As can be seen in Figure 5.30, the shading affected string 3 
partially, where the IV curve has steps or notches. The performance factor and FF of this 
string were 57.2% and 0.42 respectively. 
 
Figure 5.30: Solar PV performance curve for the affected shading string at SK Luasong. 
 
b) Battery system 
 All systems used 2 Vdc lead acid batteries and were configured for 48 Vdc battery 
system voltages. The total capacity of each battery systems was determined based on the 
school energy demand. The system at SK Pangas used flooded Vented Lead Acid (VLA) 
batteries and other systems used Valve Regulated Lead Acid (VRLA) batteries. SK Kuala 
Kahaba previously used VLA type batteries but was replaced with new VRLA batteries in 
April 2014. Visual observation can only be done on the physical condition of the battery and 
measurements were conducted on the battery voltage and temperature. Observing for defects 
on the components of the batteries like sulphation, corrosion, the condition of electrolyte and 
cell colour are not practical due to the battery casing being opaque except at SK Pangas. This 
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method should be acceptable for determining the quality of the battery if other means of 
assessing the batteries data could not be performed [2]. 
Measurement of the battery terminal voltage and body temperature were recorded and 
categorized based on year of system operation as shown in Figure 5.31 below. Table 5.12 
describes the statistical parameters of the measurement. Ideally as recommended by batteries 
manufacturer, when in operation, each battery should have low voltage7 at 1.8 Vdc, nominal 
voltage8 at 2.0 Vdc, float voltage9 at 2.25 Vdc and boost voltage10 at 2.4 Vdc and the operating 
temperature at 20oC [142]–[144]. Measurements were taken during daytime where most of 
the batteries were under float voltage condition due to the high penetration of solar irradiation 
happened in between 12 pm to 3 pm. 
                                             
7 Low voltage of a single unit battery is the minimum allowable voltage of the battery that defines the battery 
capacity is empty if its voltage is lower than the low voltage value. 
8 Nominal voltage of a single unit battery is the reference voltage of the battery 
9 Float voltage is the voltage of the battery that is being kept maintain once the State of Charge reach 100% 
10 Boost voltage is the voltage given to a battery to correct voltage imbalance between individual cells and to 
restore the battery to fully charged state. 
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Figure 5.31: Battery voltage and temperature. 
 
Most batteries operated within the recommended voltage except for four batteries that 
had voltage lower than the operation limit (SK Poring 1 unit, SMK Timbua 1 unit and SK 
Tagibang 2 units). This is an indication that the batteries were damaged and need to be 
replaced. Furthermore, the battery temperature at SK Poring was higher than the other 
systems.  
However, none of the batteries operated at the reference temperature at 20oC. The 
ambient temperature for the region was in between 27 – 33oC, which explained the 
differences. Besides, 12 battery systems were installed in a small and compact room together 
with bidirectional inverters and switchboards. The limited room size might prevent natural air 
ventilation to cool the battery and room temperature as shown in Figure 5.32 (a). Figure 5.32 
(b) shows a good example for storing the battery system at SK Pangas. 
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Figure 5.32: (a) BOS room at SK Lung Manis. (b) Battery room at SK Pangas. 
 
 Batteries that were installed in 2009 have a higher standard deviation in voltage and 
temperature by 0.33 and 3.81 respectively as compared to the latest installation. Furthermore, 
batteries that were in operation in the year 2012 have greater voltage standard deviation as 
compared to the year 2010 and 2011. The voltage and temperature of batteries that were 
installed in year 2014 have the lowest variation. 
Table 5.12: Parameters of the measured batteries by year of system operation. 
Year of operation 2009 2010 2011 2012 2014 
Parameters Voltage Temp Voltage Temp Voltage Temp Voltage Temp Voltage Temp
Mean 2.34 32.23 2.16 30.46 2.22 30.63 2.19 31.06 2.3 29.83 
Max 2.5 44.8 2.3 33.2 2.4 32.8 2.3 33.8 2.3 31.2 
Min 0.2 29.4 1.4 25.8 1.9 27.8 0.9 28.8 2.2 29.2 
Std deviation 0.33 3.81 0.09 2.21 0.10 1.16 0.16 1.58 0.02 0.54 
Variance 0.11 14.50 0.01 4.89 0.01 0.03 0.03 2.49 0.00 0.29 
 
Further analysis to investigate the battery system capacity, as well as its performance 
is explained in the next section. 
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5.4.3 Evaluation of system performance and reliability	    
5.4.3.1 System performance indicators  
a) System yield 
 Yield parameters were used to indicate the actual components operation against the 
components rated capacity. Reference yield (Yr) defines the potential of the solar energy at 
the location. The value is equal to the daily irradiation on site per rated system capacity and 
also means the number of Peak Sun Hours (PSH) per day as defined in section 4.4.4.1 (c). 
Array yield (YA) denotes the number of hours that the PV array would need to operate at its 
rated power capacity and the final PV yield (Yf) is the daily energy output of the entire solar 
PV plant supplied by the PV array to meet the daily energy demand. Table 5.13 shows the 
indicators for system yields at each school. On average, the solar PV arrays produced 49.1% 
of the available potential energy that the solar PV arrays could produce, ie, YA divided by Yr. 
Of the 49.1% energy captured by the solar PV array, 96.3% was used as the final energy to 
meet the energy demand, ie, Yf divided by YA.  
The lowest system yield was found at SK Poring. The geographical of the school 
made the irradiation level low as compared to other schools. 39% of the solar energy 
potential was captured by the solar PV arrays. Only 86% of the energy generated from the 
solar PV array was available to be used as the final energy from the arrays. This shows that 
the snail tracks observed on the solar PV modules had reduced its power. The snail tracks 
make the PV cell cracks and reduce cell conductivity. It can happen in three to one year after 
installation. The process depends on the season and the environmental conditions. It can be 
quicker during summer and in hot climates region [139].  However, as there were no snail 
tracks observed at other systems and the environmental condition at other locations was 
marginally different; the issue can be considered as an isolated case. 
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Table 5.13: System yields. 
System performance 
indicators 
Yr YA Yf 
kWh/kW/d kWh/kW/d kWh/kW/d
SK Poring 2.82 1.08 0.94 
SK Litang 4.90 2.58 2.49 
SK Labuk Subur 4.65 1.79 1.71 
SK Rungus Nahaba 4.15 2.02 1.94 
SK Golong 4.90 2.83 2.73 
SK Luasong 4.60 2.91 2.85 
SK Tg Paras 4.18 2.35 2.29 
SK Lung Manis 4.32 1.79 1.70 
SK Matupang 4.46 1.81 1.74 
SK Sungai sungai 5.38 2.10 2.08 
SMK Timbua 4.32 2.62 2.52 
Average 4.42 2.17 2.09 
 
 
Figure 5.33: Final yield, system losses and array capture losses. 
Figure 5.33 shows that all systems have high array capture losses that indicate 
inaccurate matching on system potential and energy consumption. The system yield potential; 
ie, the reference yield (Yr), is the summation of the final yield, system losses and array 
capture losses in kWh/kWp/d. Even though each site has high potential of solar radiation, 
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average at 4.42 kWh/kW/d, the final yield (Yf) is low due to low energy consumption as 
described in section 5.3.1.1 – 5.3.1.4. This resulted in unutilized solar radiation. A high array 
capture losses would conclude that the potential output power of the solar PV system is 
wasted for the low energy demand of the schools as compared to the maximum capability of 
the solar PV output. However, the nature of the energy usage by the end users was found 
varied in large range due to effect of school holiday and weekend. This variation contributes 
to the unbalanced between potential solar energy, system sizing and energy consumed. On 
average the annual school day is 209 days, school holiday is 81 days and weekend is 75 days.  
Ten systems, except SK Poring, have low system losses in range of 0.01 kWh/kWp/d and 0.1 
kWh/kWp/d, which show the power losses of the power conversion from DC to AC and vice 
versa of the inverter system and the energy storage losses.  
For example, Figure 5.34 describes the variation on the system yield at SK Litang in 
June 2014. The month was selected for the school holiday was from 1st June 2014 to 14th 
June 2014 to describe the effect of the school holiday and weekend on the final system yield. 
The solar PV system recorded high array capture losses during the school holiday and 
weekend as compared to the school day (maximum is 2.48 kWh/kWp/d). In contrast, most of 
the solar potential was captured during the school day that shows in high final yield 
(maximum was 3.88 kWh/kWp/d).  
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Figure 5.34: Final yield, system losses and array capture losses at SK Litang in June 2014. 
 
b) Performance Ratio (PR) and Solar Fraction (SF) 
 The Performance Ratio11 (PR) of each system is described in Figure 5.35. Though the 
PR is presented in a wide range, 0.33 – 0.62, the values agrees with the finding made by the 
IEA-PVPS Task 2 [71] that for stand-alone solar PV system with backup, the PR range 
should be in between 0.3 – 0.6. The low PR was largely contributed to low energy 
consumption that made the utilization of irradiation incomplete as shown in Figure 5.36. The 
electrical energy generated from the solar PV arrays, as it is stand-alone systems; was 
depending on the energy consumption and energy losses in the Balance of System (BOS). 
The BOS losses were reported to be low at 0.08 kWh/kWp/d on average and the load 
efficiency (ƞload) was 95.74% average. 
                                             
11 Performance Ratio describes the total losses on the array’s rated output which is due to effect on temperature, 
incomplete utilization of the irradiation and the system components inefficiencies or failures. It is the ratio of 
final yield (Yf) and reference yield (Yr) 
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Figure 5.35: Performance Ratio (PR) of solar PV systems. 
 
 
Figure 5.36: Energy potential, generation and consumption. 
 Table 5.14 describes the Solar Fraction (SF) of the eleven solar PV systems. As 
specified in the system design, the SF value should be higher than 90% which indicate the 
dependencies of the system operation on the energy produced from the solar PV arrays and 
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thus to reduce the consumption of the fossil fuel from the diesel generator. Eight solar PV 
systems show SF more than 90% and thus meet the design specification. Three solar PV 
systems at SK Poring, SK Golong and SK Litang have high diesel generator consumption 
with Solar Fraction of 70%, 88% and 82 % respectively. Though the annual energy usage per 
solar PV rated system capacity was low at SK Poring (1.03 kWh/kWp), the problem with the 
battery system as identified in the previous section, made the diesel generator to be in 
operation frequently. High annual energy consumption per solar PV rated capacity at SK 
Golong and SK Litang was the reason for the low solar fraction. 
Table 5.14: Solar fraction. 
System performance 
indicators 
SF 
% 
SK Poring 70% 
SK Litang 82% 
SK Labuk Subur 99% 
SK Rungus Nahaba 96% 
SK Golong 88% 
SK Luasong 92% 
SK Tg Paras 93% 
SK Lung Manis 95% 
SK Matupang 99% 
SK Sungai sungai 97% 
SMK Timbua 91% 
 
 The array capture losses (Lc) also determine the value of the PR. At higher PR, the Lc 
was low as shown in Figure 5.37. The system at SK Poring deviates from the inversely linear 
function of PR against Lc due to the technical problems.   
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Figure 5.37: Performance ratio and array capture losses. 
 
c) Production Factor (PF) and system efficiency 
 The relation of PF as a function of PR as shown in Figure 5.38, describes that PF is a 
linear function to PR. The higher the PF would increase the value of the PR. The system 
efficiency (PR/PF) was high at 96% on average. The lowest system efficiency was recorded 
at SK Poring at 86.4% for the issues on batteries and solar PV modules. The findings were 
slightly higher than the results obtained by Mayer and Heindenreich [72], that for a stand-
alone solar PV system, the range of system efficiency was in between 75% - 95%. Higher 
system efficiency indicated the system was in good performance.  
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Figure 5.38: PR against PF. 
 
5.4.3.2 System reliability indicators 
 The system reliability indicators were used to inform the ability of a stand-alone solar 
PV to provide sufficient energy that can meet the energy demand throughout its operation 
time. The specified indicators can also define the system components longevity, indicate 
when such components required replacement and predict system failure in the future. As solar 
PV and batteries system are the major energy contributor for the system, the introduction of 
Charge Factor (CF), solar PV generator capacity (CA) and accumulator capacity (CS) would 
indicate the capacity and ability of the components and thus describe how sustainable the 
system operation and performance are in technical point of view. 
 Table 5.15 shows the values of each indicator at each solar PV systems. The highest 
CF was recorded at SK Poring at 1.58. The value indicates that more than 50% of charge 
current were required from the solar PV and diesel generator to charge the battery system and 
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to compensate the amount of energy that was discharged from the battery. Hence the battery 
energy efficiency of the battery system at SK Poring was found to be the lowest at 63.3%. 
Other systems show values of CF within the range of 1.29 – 1.35 which are within the 
specified CF range. 
 Each system has solar PV generator capacity (CA) in the range from 1.03 – 1.23. 
Though the range deviates from the specified reference of 1.1 – 1.2, the CA are acceptable for 
the differences are marginally and the fact that no systems had CA below than 1.0 which 
indicates the inability of the solar PV array to meet the energy consumption.  
 The CS represents the autonomy of the storage system to supply energy should the 
generators (solar PV and diesel generator) were unable to generate electricity, in another 
word when there was zero energy from the generators.  The CS ranges from 2.16 – 3.83. It 
can be observed that systems with higher energy consumption density (kWh/kWp) have the 
lower value of CS than system with the low energy consumption density.  
Table 5.15: System reliability indicators. 
System reliability 
indicators CF CA CS 
SK Poring 1.58 1.05 3.73 
SK Litang 1.32 1.03 2.28 
SK Labuk Subur 1.34 1.23 3.93 
SK Rungus Nahaba 1.31 1.19 3.36 
SK Golong 1.31 1.07 2.16 
SK Luasong 1.29 1.10 2.64 
SK Tg Paras 1.31 1.11 2.63 
SK Lung Manis 1.31 1.17 3.73 
SK Matupang 1.35 1.21 3.83 
SK Sungai sungai 1.29 1.17 3.20 
SMK Timbua 1.29 1.12 2.45 
 
 The relation of CA and CS is described in Figure 5.39 that indicates which 
combination of CA and CA can make the system with high reliability, specifically solar PV 
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system for rural school’s needs. By extending the best fit linear line of CA and CS, the ratio of 
CA and CS was found to be 0.35. However this value is required to be validated with the 
economic analysis that to summarize if the systems installed are highly reliable and cost 
effective. Furthermore, analysing more systems would increase the resolution of the ratio of 
CA and CS.   
 
Figure 5.39: CA against CS. 
 
5.5 Summary 
 This chapter explores the solar energy potential, energy demand and generation, and 
system operation and functional analysis of the solar PV systems in order to evaluate and 
analyse the system performance and reliability. The energy demand and load profile at each 
school were largely determined by the trend of load usage by the end user, school holiday, 
weekdays over the weekend profile, the size of school occupancy, the type of residency and 
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accessibility of the school. The energy profile of the schools did not influence by the seasonal 
climate of the rainy season (November to March) and dry season (April to October).  
The actual daily energy consumption at each school show less energy usage than the 
expected values which provide sufficient energy capacity margin for future demand growth. 
Thus predicting the accuracy of the actual load pattern against the expected load has always 
been challenging for a stand-alone off grid system.  
The absence of maintenance work for some period of time affects the system 
operation especially the solar PV arrays. The performance factor of the solar PV arrays was 
reduced for the system with heavily soiled and dirt, bird drops and shading effect. 
Furthermore, if proper attentions were taken by the relevant parties, the implication of 
redundancy of electricity service provider in the same location can be prevented, reduce case 
of power theft and improve the service level quality.  
 The system operation and performance was largely influenced by the battery system 
condition. The system at SK Poring was found to be critically in need of batteries 
replacement as the storage system was no longer able to provide sufficient energy.  
The sustainable indicators in technical point of view can be assessed by system 
performance and system reliability indicators. System performance indicators describe the 
system in operation and the system reliability indicators can provide the capacity of the solar 
PV system and thus the prediction of the longevity of each component can be made. In 
general, the results can be summarized as in Table 5.16. 
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Table 5.16: Summary of system performance and system reliability indicators for 11 solar PV 
systems. 
Indicators Average 11 systems Reference value 
System Performance Indicators 
Yr 4.42 
YA 2.17 
Yf 2.09 
PR 0.47 0.3 - 0.6 for stand-alone system with backup 
PF 0.49 
PR/PF 96%  
SF 91% > 90% 
System Reliability Indicators 
CF 1.34 1.0 - 1.4 
CA 1.24 1.1 - 1.2 
CS 3.09 3 < CS < 5 
CA/CS 0.35 
     
 The next chapter presents the result and analysis on the impact of the REP on social 
and organizational aspects. The comparative analysis on techno-economic aspects in Chapter 
7 provides understanding on the actual operation of the system against optimization system 
model. 
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Chapter 6 : Determining REP’s impact on social and organization point of 
view 
6.1 Introduction 
 This chapter presents the findings of the investigation on impact of the REP on the 
social and organizational aspects. The findings are structured as follows: Section 6.2 provides 
background and demographic of the respondents. Section 6.3 relates to the assessment on 
social and education aspects which is further divided into the end users past experience on 
energy generation and energy needs; level of user satisfaction, level of user appreciation, 
academic excellence, the end users financial and purchasing power, level of security and 
sustainable knowledge. The later section, as in Section 6.4, the assessment continues on the 
organizational aspects based on three elements of sustainable REP which are project 
management and governance; producing quality in system design and installation and 
providing reliability in operation and services. The chapter is summarized in Section 6.5. 
6.2 Background and demographic of respondents 
 Out of the 187 respondents that participated in questionnaire session, 97 respondents 
were teachers and 29 questionnaires were answered by the school staff. Figure 6.1 shows 
numbers of other stakeholders from the Ministry of Education (MoE), Sabah State Education 
Department (SED), District Education Office (DEO), Public Works Department (PWD) and 
the contractors. Pupils or students of the school were not included in the questionnaire 
session to avoid inaccuracy in response as most of them are in primary school; ie, younger 
age and some sections in the questionnaire were too technical for them to understand and 
answer. 
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Figure 6.1: Numbers of respondents participated in the questionnaire session. 
 
6.2.1 End users 
 Figure 6.2 shows the distribution of the end users from the fifteen schools. On 
average, 45% of the occupants (teachers and staff) at each school participated in the 
questionnaires session. The highest participant rate was at SK Kuala Kahaba where 87% 
responded to the questionnaire. The gender ratio of the end users was 56% male and 44% 
female.  
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Figure 6.2: Respondents (end users) from 15 schools and their genders. 
 
  
Figure 6.3: End users age and total years serving at the schools. 
 The age of the end users and number of years they served at the schools are shown in 
Figure 6.3. On average, the end users was 36.65 years old (SD = 9.27 years) and they have 
been teaching at rural schools for 8.7 years. 54% of them age below than 35 years old and 
50% of the respondents have teaching experience of fewer than 5 years. This shows 
significant relation that most teachers and staff that were posted at rural schools in Sabah 
were young and less experience in teaching. It is justified that the lower number of 
experienced teachers in rural areas is due to the reluctance of teachers to be posted in areas 
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that are the lack of basic infrastructures such as electricity, road access, modernization, clean 
water supply and healthcare [7], [145].  
 Almost half of the respondents (46%) live in schools quarters that were provided by 
the MoE (Figure 6.4). Some schools might not have enough quarters or the condition of the 
house was not suitable to stay, thus the teachers lived in the nearby village. 25.4% of the 
teachers would prefer to live in the city due to some schools are closer to the nearest 
city/town and less traveling time was taken. 
 
Figure 6.4: Types of teachers’ residency. 
6.2.2 Other stakeholders 
 61 participants responded to the questionnaires for the other stakeholders involved in 
the REP which consists of 54 male and 7 female. Their responses were based on their view of 
the REP.  
 The mean age of the respondents was 38.3 years old (SD = 9.2 years old) and their 
involvement in the REP ranges from two years to ten years (mean = 4.6 years, SD = 2.1 
years). 71% of them have less than 5 year involvement in the REP as shown in Figure 6.5. 
 
46.0%
28.6%
25.4%
Quarters Village nearby Town nearby
180 
 
  
Figure 6.5: Respondents age and their involvement in the REP. 
6.3 Social assessment 
6.3.1 Past electricity energy generation experience and understanding end users energy 
(electricity) needs 
 Previously, there were some schools that used stand-alone diesel generator system of 
capacity less than 5 kVA for their electricity consumption. These conventional electricity 
power generators were either supplied by the ESD or owned by the end users themselves. It 
was reported that the generators supplied by the ESD normally operated during the school 
hour from 7:00 am to 12:00 pm and some also electrified the teachers’ quarters at night from 
6:30 pm to 10:00 pm daily. However, a problem arises due to the reliability of the generator. 
As all the sites are located remotely, the diesel supply access was very difficult due to cost 
and logistics issues. Even though the diesel was supplied by the ESD/DEO every month, the 
amount of the diesel was too little to meet the school energy demand (approximately four 
drums per month), which most of the end users had to ration the consumption.  
To estimate the numbers of days that the diesel generator can meet the users’ load 
demand per month, the following calculation is given; 
1 drums of diesel  =  1 barrel of diesel 
   =  158.98 litres 
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Total monthly supply  =  4 drums X 158.98 litres 
   =  635.92 litres of diesel per month 
Assumptions; 
a) Assume that the diesel generator operated on average at 8 hours per day, ie, four 
hours during school period and four hours at night,  
b) The diesel generator capacity was 5 kVA and operated at 80% of its capacity with 
fuel consumption at 3.5 litre/hours at 50 Hz frequency, and 
c) The diesel generator was in good condition and no breakdown occurred. 
Hence, the total hour the diesel generator was in operation with the monthly supply 
diesel is; 
Hours operation  =  
଺ଷହ.ଽଶ	௟௜௧௥௘
ଷ.ହ	௟௜௧௥௘/௛௢௨௥           
    = 181.69 hours 
Days operation =  
ଵ଼ଵ.଺ଽ	௛௢௨௥௦
଼	௛௢௨௥௦/ௗ௔௬                 
   =  22.7 days 
Therefore the number of days in one month that the diesel generator can supply 
electricity to the end users is at most 23 days a month. The calculation does not include 
external factors such as weather condition (rainy and dry season), supply and delivery chain 
of diesel and access condition to the school. If these factors were included, the numbers of 
days may become less than expected. Some respondents mentioned that to save fuel 
consumption, they had to reduce the operation of the diesel generator to four hours especially 
during the rainy season because the supply of the diesel may be interrupted for some schools 
were inaccessible. 
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The diesel generators were often operated in the inefficient load range and when they 
were switched off, no electricity was available at all. Due to the instability of the power 
generated from the generator, electronic devices like computers, projectors and photocopy 
machines were damaged. This created problems and difficulties to the school’s operation 
especially the teacher and the students as they could not use the equipment during the class 
session. The Malaysian education system nowadays requires the teachers to give lectures 
interactively using computer and other information and communication technology (ICT) 
equipment. Another problem was the difficulties in maintaining the diesel generator. There 
was no dedicated technician on site for operating, repairing and servicing the generator. 
Hence, the teachers themselves had to voluntarily take the responsibility to maintain the 
generator.  
Therefore, some teachers and staff decided to purchase a small diesel generator set of 
capacity less than 1 kVA for personal consumption. Out of the 216 respondents, only 31 end 
users had used the conventional power supply before as shown in Figure 6.6. However, only 
four end users still used the generators. The remaining was no longer in operation for most of 
the generators broke down and no longer could be used. The availability of the electricity 
services from the solar PV system also lead to their decision to discontinue using the diesel 
generator. 
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Figure 6.6: Experienced on stand-alone diesel generator system by the end users. 
 
 Out of the 31 respondents that used personal diesel generator set previously, 16 of 
them replied on the questions of fuel consumption and purchasing of diesel as shown in Table 
6.1. Averagely, they spent 140.63 litres of diesel monthly but the differences between the 
highest and the lowest monthly fuel spending were large at SD = 99.23 litre. This was due to 
the fuel spending depends on personal expenditure and the price of diesel ranges from as low 
as GBP 0.30/litre to GBP 2.40/litre. The lowest price was the nation subsidized market price 
which the end users bought at city or town nearby. The fuel price would increase accordingly 
if it was bought at the village nearby for the higher cost of logistic. The expensive fuel price 
on site limits the electricity service from the personal diesel generator. 
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Table 6.1: Monthly fuel spending by the end users who used personal diesel generator set and 
the diesel price.   
Personal diesel generator 
Monthly fuel 
consumption 
(Litre) 
Average 
diesel price 
(GBP/litre) 
N 16 16 
Mean 140.63 0.544 
SD 99.228 0.499 
Minimum 30 0.3 
Maximum 300 2.40 
 
 Figure 6.7 shows the response from the end users on what would be their preference 
electricity appliances. The findings show that the most preference appliance is lighting. This 
response agrees with other studies by [22], [146], [147]; to mention a few, on the aim for any 
REP globally was to provide basic energy needs and light was the most common preferences. 
The fan came second and followed by phone charger, personal computer, refrigerator, 
television, rice cooker, radio, iron and washing machine. The least preferential appliances 
were hair dryer and air-conditioning unit.   
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Figure 6.7: Electrical appliances preferences. 
6.3.2 User satisfaction 
 The respondents (end users) were asked on their level of satisfaction with the solar PV 
system. Their opinions on the installed system were observed and measured base on attitude 
and ranking scale (6 – strongly agree, 5 – agree, 4 – slightly agree, 3 – slightly disagree, 2 – 
disagree and 1 – strongly disagree). As mentioned in Chapter 4, their level of satisfaction was 
formed by several elements which were learning environment; quality of lifestyle; quality in 
operation and services; and suitability. The score of the central tendency; which is the median 
and interquartile range (IQR) were used as the questions were in Likert scale, would 
summarize the level of users satisfaction. Smaller IQR would indicate strong agreement on 
the subject and larger IQR means the opinion is diverges.  
6.3.2.1 Learning environment 
 Three sub-elements were identified in evaluating the end users opinion on the learning 
environment after the system was installed. The result is shown in Table 6.2.  
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Table 6.2: Measurement on learning environment. 
Variables (N=126) Median (IQR) 
Learning environment 
- Student enjoy learning in class 5 (1) 
- Interactive learning tools 5 (1) 
- Extra class 5 (1) 
 
 Most respondents agreed that the learning environment improved after the systems 
were installed (Median = 5, IQR = 1). As shown in Figure 6.8, 89.7% of the respondents 
agreed (46.8% strongly agree) that the students enjoyed learning in class after the system was 
installed. They mentioned that the condition in class is more comfortable than before as lights 
and fans can now be fully utilized. Previous studies on solar powered electricity for schools 
agreed with the findings, that the electricity from the system allows longer classroom hours. 
However, for schools that were not electrified, the class could not start early in the morning 
until it was bright enough in the classroom [148]. 
 
Figure 6.8: Response to impact on learning environment. 
 
64 respondents strongly agreed that the system enables the usage of interactive 
learning tools in class such as the laptop, computer and projector. If internet access is 
available, it would benefit the end users in term of providing informative resources through 
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the worldwide web and bridging the digital divide between urban and rural areas [145]. 
However, the only possible internet access at most of the schools in off-grid areas in Sabah is 
from the satellite network and the Very Small Aperture Terminal (VSAT) system is a 
common application used. This is due to lack of telephone system infrastructure in that area 
whether from landline or mobile network.  
The system allows extra classes to be conducted, especially at night for students that 
have to sit for the national examination as shown in Figure 6.9. The electricity service gives 
an opportunity to students and teachers to remain at schools after school time for after class 
activities, doing homework and study revision [145], [149], [150]. 
   
Figure 6.9: Students can now do study revision or extra class during night time after the 
system installed. 
6.3.2.2 Quality of lifestyle 
 The end users who live in the teachers quarters were asked on their lifestyle after the 
system installed. Similar to the results on learning environment in the previous section, they 
responded that their lifestyle was improved after the system operated (Median = 5, IQR = 1) 
as shown in Table 6.3. 98% of them highlighted that they feel comfortable at home because 
the availability of electricity from the system enable them to use more home appliances.   
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Table 6.3: End users opinion on their daily lifestyle. 
Variables (N=58) Median (IQR) 
Daily lifestyle 
- Comfort at home 5 (1) 
- More entertainment 5 (1) 
- Longer time for food storage 5 (1) 
 
 The majority (98%) of the respondents were satisfied for they could have more 
entertainment especially in the evening and night (Figure 6.10). Apart from benefiting the 
students in the class, teachers who stay at school would have more time for entertainment 
such as TV, radio and internet. This allows them to enjoy their time for social activities in the 
evening. Some respondents emphasized that their daily activity hours became longer and they 
could stay more hours at night to watch TV and do some preparation for teaching.  
 The respondents agreed (98%) that the 24 hours electricity from the system allows 
them to own refrigerator. Thus raw food could be preserved for a longer time and prevent 
damages on the food.  
  
Figure 6.10: End users opinion of impact on their daily lifestyle after the system installed. 
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6.2.2.3 Quality in operation and services  
 The questions of quality in operation and services shows agreed responses from the 
respondents, as shown in Table 6.4. They experienced that the failure rate of the system was 
kept at the minimum (Median=5, IQR=1). Power failures happened several times at all 
systems but not at the critical level as the incidents mostly did not involve solar PV system 
components except the case of battery failure at SK Poring and fault of the bidirectional 
inverter at SMK Timbua as reported in Chapter 5, section 5.4.1. Cases of diesel generator 
starter failure at SK Kenang kenangan and SK Litang, the diesel generator’s battery charger 
broke down at SK Luasong and diesel generator’s battery need replacement at SK Tagibang 
(refer to Chapter 5, section 5.4.1) did not interrupt the system electricity supply totally. 
Several cases of power failure occurred on the load side such as neutral cable from the Main 
Switch Board (MSB) to overhead pole burnt at SK Tagibang (Figure 6.11), building 
Distribution Board (DB) tripped for power overload, overhead cable connector 
damaged/burnt and energy management device (load limiter) faulty.    
Table 6.4: Responses on the quality of operation and services.  
Variables (N=126) Median (IQR) 
Operation and services 
- Failure rate 5 (1) 
- Reporting processes 4 (2) 
- Quality of service 5 (2) 
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Figure 6.11: Neutral cable (red circle) from MSB to distribution overhead pole was found 
burnt and cut off the power supply at SK Tagibang. 
 
However, the respondents were of the opinion that there is room for improvement for 
the reporting processes (Median=4, IQR=2). The result shows a diverse response from the 
end users that only eleven of them were very satisfied with the reporting procedures and 
processes as describes in Figure 6.12. They highlighted that communication with the 
maintenance team is the major drawback that hinders effective and immediate action when 
problems on the system occurred. They pointed out that method of communications should 
not solely depend on the phone call. Some of them have difficulties to make phone call due to 
the limitation in phone coverage. Though email is considered as an option, but it was found 
less effective since some schools do not have internet access. As it is unlikely that the phone 
network operator (landline or mobile) would extend their network coverage to the school and 
nearby area in near future for cost and economical reason, thus the most suitable solution is 
for the MOE to provide internet access via the VSAT.  
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Figure 6.12: Response of satisfaction level on reporting processes. 
 Some 67% of the respondents were satisfied with the services provided by the 
operation and maintenance operator (Median=5, IQR=2). Though they agree that the mode of 
communication requires some improvement as explained earlier, once reports were made to 
the maintenance team, their actions were quick and most problems were solved within the 
Service Level Agreement (SLA)12. However, they voiced concern about failure cases that 
requires the change in parts and components that need longer time to replace especially if the 
parts could not be found locally. As mentioned by [10], ensuring the spare components 
always available at any time is regards as an important element for sustainability of any REP. 
Thus this ensures that the end users would keep faith on the system and to create high 
reputation on the program.  
6.2.2.4 Suitability  
 Generally, the installation of the system requires area within the school boundary and 
the solar PV module and its structure consumed most. The bigger the system capacity, the 
larger the area needed. The questions on the suitability of the installation of system 
components were asked to understanding the end users attitude with the system design 
                                             
12 The Service Level Agreement (SLA) is the contractual obligation between MOE/PWD with the maintenance 
operator that requires them to act in any reported case within a specified time period according to type of failure. 
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characteristics. Table 6.5 shows the respondents were in the opinion of agreement 
(Median=5, IQR=1) that the system affects the school area and in some cases it involved the 
playing fields (Figure 6.13). However, they seemed not to bother much on the issue as it was 
the electricity from the solar PV system that they need most and some 95% respondents were 
delighted that the design of the solar PV structure is suitable for multipurpose use (Median=5, 
IQR=1).   
Table 6.5: Responses on the suitability of system installation.  
Variables (N=126) Median (IQR) 
Suitability 
- School area affected by system structure 5 (1) 
- Solar structure as multipurpose function 5 (1) 
 
   
Figure 6.13: Pictures shows the before (left) and after (right) system installation at SK 
Rungus Nahaba. 
 
Previously, it was a playing field but to accommodate the system, some of the areas was 
reclaimed. 
 
6.3.3 User appreciation 
 The respondents (end users) were questioned on their level of appreciation of having 
the electricity services from the solar PV system. Similarly as described in section 6.3.2, their 
appreciation level was measured based on attitude and ranking scale method. The questions 
focused on the end users’ motivation to teach at the school and their opinion on the extension 
of grid electricity network in future. The median score and IQR were used in measuring their 
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attitude on the variables and the non-parametric test was used in determining the relationship 
of the variables with gender. The level of appreciation is described into two elements which 
are motivation and future electricity services. 
6.3.3.1 Motivation  
 The main barriers and challenges for better academic performance in rural areas are 
teachers are reluctant to be posted at the schools especially in remote and off-grid areas that 
lack basic needs and infrastructure [145], [151]. Un-electrified areas are commonly difficult 
to have experienced and qualified teachers. Studies in Peruvian primary school highlighted 
that the percentage of teachers absence was higher for schools in remote, undeveloped and 
poor infrastructure area [7]. Similarly, studies on factors that influence teacher choice of 
placement in Zimbabwe concluded that the basic needs that would attract teachers to serve in 
rural areas are electricity [151]. Thus this section explores the teacher’s motivation level once 
the rural schools electrified by the solar PV system.  
 Table 6.6 shows the respondents indicated agreement that the electricity from the 
solar PV influenced them to serve at the schools for more years, though their opinions were 
slightly polarized (Median=5, IQR=2). However, some 38% of the respondents who live in 
teacher’s quarters spend their weekend at the city or town nearby for more choice of 
entertainment, leisure and social activities (Median=4, IQR=2).  
Table 6.6: Responses on end users motivation. 
Variables  Median (IQR) 
Motivation 
- Content to serve at school for more years  (N=126) 5 (2) 
- Stay at school in weekend (N=58) 4 (2) 
 
 Furthermore, the non-parametric test on the relation between the respondent’s 
decision to serve at the school for more years and their gender resulted that their decision has 
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no relation to gender as shown by the Sig. value = 0.706 which is greater than 0.05 (Table 
6.7).  
Table 6.7: Statistical test on respondents’ decision to serve at rural school. 
  
Content to serve at 
school for more 
years 
Mann-Whitney U 1879.000
Wilcoxon W 4435.000
Z -0.377
Asymp. Sig. (2-tailed) 0.706
Grouping Variable: Gender 
6.3.3.2 Future electricity services 
 There has been a rapid development of improving basic amenities in rural areas in 
Malaysia in recent years. The GoM defined three basic infrastructures to escalate the rural 
development which is road access and improvement, access to clean and treated water and 24 
hours electricity. The plans and initiatives implemented by several GoM’s agencies were 
described in Chapter 3. As for the 24 hours electricity, the main priority of the initiative was 
to extend the grid electricity network to the households and premises in rural areas. If the grid 
electricity extension was unachievable due to the constraint in time, cost and accessibility, 
alternative electricity power supply from solar PV hybrid system and micro hydro system are 
considered. Presently, the program met its target that 143,899 households were connected to 
the 24 hours electricity services from 2009 – 2015 [152]. Thus, in the future, the program 
may reach each off-grid schools including schools with the solar PV-diesel hybrid system. 
Therefore, this section aims to question the end users on their opinion towards the longevity 
services of the system and their willingness to pay for electricity services.  
   Table 6.8 describes the responses from the end users. They indicated agreement that 
the solar PV system should be regard as a temporary solution for electricity services 
195 
 
(Median=5, IQR=2). They believe that electricity from the grid network has more advantages 
than stand-alone electricity power supply system. Stability in power supply and resources, 
and mature system technology from the grid network system were the reasons that justify 
their opinion in differentiating both applications. However, they agreed that the solar PV 
system benefits the environment for its low in air pollution, noise pollution and leakages in 
oil in contrast with what they experienced from the diesel generator system earlier. They also 
noted that the share of electricity energy generation mixture from renewable energy can 
benefits the environment and the solar PV system should be feed into the electricity network 
from the grid.  
 However, when asking on their willingness to pay (WTP) for electricity services 
whether the charges is for the grid electricity network (if available in future) or if the MOE 
decided to implement electricity charge for the solar PV system, they slightly agreed 
(Median=4, IQR=2) with some 37% in disagreement as shown in Figure 6.14. Those in 
disagreement pointed that the free electricity services currently being practiced should be 
continued as a privilege for their willingness to serve in undeveloped rural areas and the 
hardship they faced. However, they would consider paying for electricity bill if all basic 
amenities are provided. Hence, some 86% of them prefer to continue using the services from 
the solar PV system until the end of system lifetime even if grid electricity network is 
available (Median=5, IQR=1).    
Table 6.8: Responses on future electricity services.  
Variables (N=126) Median (IQR) 
Future electricity services 
- System as temporary solution 5 (2) 
- Willing to pay for electricity services 4 (2) 
- Continue to utilize the system even 
when grid electricity network available 
in future 
5 (1) 
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Figure 6.14: End users opinion on future electricity services. 
 
6.3.4 Academic excellence  
 It is undeniable that students’ performance in academic shows improvement and 
correlated with electricity access rate [145], [153]. Figure 6.15 describes correlation 
(R2=0.53) of primary education completion rate with the access of electricity rate in the 
population at 56 developing countries. Malaysia’s’ education level reached 100% primary 
student completion in 2015. The opportunity to study at longer hours for having electricity-
based lighting and improvement in learning condition in class produced better academic 
performance in terms of increase in student attendance in class, higher rates in primary 
completion and achievement in examination results [145], [148]. 
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Figure 6.15: Relation between primary education completions with electricity access rate in 
56 developing countries, adapted from Sovacool and Ryan [2], and World Bank Development 
Indicator Database, 2014. 
 
 In conjunction with the matter discussed above, the respondents agreed that there was 
some improvement in student attendance to class after the solar PV system installed 
(Median=5, IQR=2) as shown in Table 6.9. They pointed that the improvement resulted from 
the interactive learning tools being used, comfort condition in class and the opportunity to use 
PC and the internet for knowledge and learning purposes. The respondents also indicated 
agreement that the examination result was better than before (Median=5, IQR=1). The 
agreement was led by the fact that students had longer hours to study whether in class or after 
class especially at night. However, it was difficult to measure the students’ achievement in 
examination from their results as their number per class is relatively small and insignificant to 
measure. Furthermore, the examination data obtained from the school during the field study 
was found to be incomplete. 
Table 6.9: Responses on excellence in academic. 
Variables (N=126) Median (IQR) 
Academic excellence 
- Student attendance 5 (2) 
- Improvement in examination result 5 (1) 
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6.3.5 Financial and purchasing power 
 The questions about the financial and purchasing power were focused on three 
elements that determine the impact of the electricity service from the solar PV system and the 
results are described in Table 6.10. The respondents indicated disagreement on whether the 
electricity would enable them to have extra income (Median=2, IQR=3). Some 62% of the 
respondents believed that there was no change in their income as they revealed that they had 
no intention to do additional work or business for extra money. However, the electricity 
benefits the canteen operators as they able to purchase electrical kitchen appliances especially 
refrigerator for food storage and selling ice cream and cold drinks as shown in Figure 6.16.   
 The respondents were in slight agreement (Median=4) on the variety of meal being 
sold at the school canteen and their response was scattered with IQR = 3. This is largely 
contributed by the financial situation of the canteen operators and availability of resources to 
be sold as most items need to be purchased at market or shop in a town nearby. Some 
respondents (64%) believe that their monthly spending increase after the system installed. 
Besides the ability to buy and store food, some of them had subscribed satellite TV channel. 
Table 6.10: Responses of the effect of the solar PV system on end users financial and 
spending power.  
Variables (N=126) Median (IQR) 
Financial and spending power 
- Extra income 2 (3) 
- Variety meals at canteen 4 (3) 
- Increase in monthly spending 4 (2) 
 
199 
 
 
Figure 6.16: Selling of cold drinks at SK Matupang’s canteen. 
 
6.3.6 Security 
 The school security shows improvement after the system installed. Most of the 
respondents (95%) indicated agreement that the system enhanced security level especially at 
night, during the weekend or school holiday (Median=5, IQR=1). The compound lights 
installed as shown in Figure 6.17, provide additional security and assists the security guard in 
performing their duty.  
 
Figure 6.17: Compound light. 
6.3.7 Sustainable knowledge and awareness 
  Awareness among end users such as understanding the system technology and its 
benefits is considered as an essential element for successful REP [10]. Awareness would 
create a sense of ownership among the end users for them to take care and have the 
responsibility to maintain and make use of the electrical energy from the system wisely. 
Furthermore, the aim of any REP around the world should not be looked into providing 
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electricity to the rural areas, but it should be aimed to enhance productivity among the end 
users whether in the aspects of social, economy and education [145]. Thus, one of the 
important measures to develop awareness among the end users is by providing training to 
them. Besides, the installed system can also be an indirect learning mechanism for the end 
users to understand the system technology and its operation.    
 A training program for end users was included as part of the REP for rural schools in 
Sabah. Each school was asked to nominate one or two teachers to attend a training session. 
The aim of the training was to develop understanding and knowledge of the system operation 
but they were not expected to operate the system. The appointed teachers would be the person 
in charge to do reporting on system failures and the information they gained from the training 
course should be shared with other end users at school. Of the 126 respondents, only ten of 
them had attended the training course. 
 On the question whether they gain indirect information on the system technology and 
operation from the installed system, 89% of the respondents were in the agreement 
(Median=5, IQR=1) (refer to Table 6.11). They mentioned that the system enables them to 
enquire some general information from internet, books and magazines. Some of them seek 
information by asking the system installers and furthermore, the PWD staffs briefed them 
verbally.  
Table 6.11: Knowledge and awareness in solar PV system technology and REP.   
Variables (N=126) Median (IQR) 
Knowledge and awareness 
- Indirect knowledge from system installed 5 (1) 
- Students gain knowledge from system installed 4 (3) 
- End users requires continuous training 5 (1) 
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However, they indicated slight agreement when asked on the student knowledge 
(Median=4). Their opinions were diverse (IQR=3) due to some of them (especially the 
teachers) unable to deliver the information to the student as they were not trained to do so. 
However, teachers with science and technology background had no problem in sharing 
information with the students. Thus, they emphasized in agreement (Median=5, IQR=1) that 
each end users at the school require awareness and training program continuously. They 
believed that training to the appointed teachers as had been practiced did not help much and 
the situation could be worse if the appointed teacher was transferred.  
6.4 Sustainable REP in organizational point of view 
 This section was conducted to examine the effectiveness of the REP from the project 
funder (MOE, SED & DEO), implementing agency (PWD) and system installer (the 
contractors) point of view. Similarly, as explained in the previous section, close-ended 
questions were used to evaluate the respondents’ opinions and open-ended questions to 
identify the matter further. 
 The REP is a success if the program can provide long-term sustainability services to 
the end users. The future of such program does not only rely on technical, social or economic 
aspects but also subject to the organizational aspect, ie, how well the program was organized, 
managed and coordinated and the project funder, implementing agencies and the installers 
plays an important role [55]. The IEA-PVPS T11 project report highlighted that: 
“A sustainable PVHPS should provide to all key agencies in the project value chain 
(final user, operator, project developer, project implementer and financial bodies) the 
expected technical and economical results for the expected time contracted in a 
commonly approved specification.” [55]. 
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A framework and roadmap of REP path provide the ‘who is who’ concept, 
implementing stages and each stakeholders role in addressing issues of the REP [10]. This 
section evaluates the organizational elements of the REP for the rural schools which are 
project management and governance, producing quality in system design and installation, 
providing reliability in operation and services, enhancing further development and awareness 
and sustainable knowledge.       
6.4.1 Project management and governance 
 The implementation stages of REP shall cover from the planning, design, installation 
and operation and maintenance stage [10]. Every stage shall be looked as crucial that in need 
of full attention by every party. The REP is not supposed to be overlooked as credit for 
political mileage and coordination among each agency involved shall be dealt appropriately 
by sharing of information and setting up clear direction on REP planning and further 
development [45]. The REP shall be looked into how much quality and benefits the program 
can provide especially to the end users in the long run rather than focusing on success in 
numbers of system installed. Furthermore, the cases of redundant electricity power supply 
services at some schools as mention in Chapter 5 highlighted the importance of good 
coordination among the agencies involved. In the case of the REP for rural schools in 
Malaysia, there was urgent requirement to provide electricity to the school and the fact that 
the electricity service from the utility (electricity grid or stand-alone renewable energy power 
supply) always lagging to be implemented at an unpredictable timeline. Thus the earlier 
system technology should be designed for integration into the electricity utility network in 
future. Initiatives by the PWD project team to design the solar PV system to be electricity 
grid integration ready shall be looked on the positive side for the longevity of the system.  
 The importance of ‘who is who’ in the project management scope of work shall be 
dealt by identifying role and term of reference of each party involved. The term of reference 
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shall be officially documented and being practiced at each stage of the REP implementation. 
Though it was known that MOE is the project funder, SED and DEO is the supporting 
agencies, the PWD is the implementation agencies and contractors were nominated to 
perform the work, ie installation or maintenance work, however at some point during the 
phases of the program, execution of work was delayed. This can be seen on the delay of 
maintenance work at all systems when the warranty period of the installation work ended as 
mentioned in Chapter 5.  
6.4.2 Producing quality in system design and installation 
 Quality in system design does not only determine by the technicality of the solar PV 
system. It has to be coupled with adequate information on end user’s need, type of load, 
costing and data on resources availability. Question on the accuracy of the data remain 
unanswered and very subjective as most of the time, a solar PV system was designed based 
on the assumption in load profile and energy needs, while the cost of installation and 
operation sometime does not inclusive of remoteness and locality context. This was due to 
unavailability of history in energy used and greater variation in implementation and operation 
cost. The variation in implementation and operation costs will be discussed further in Chapter 
7. 
 The respondents (PWD) were asked on their opinion based on their experienced in 
involvement in the design stage. Some 86% of them indicated agreement that the data on 
energy needs was inadequate (Median=5, IQR=2). To ensure the validity and to improve the 
accuracy of the data, several considerations had been taken which are (1) assumption on 
energy needs for example numbers of operational hours for electrical appliances, (2) the 
assumption on energy needs was validated with previous experience and best practice in 
system design, and (3) finally, the accuracy in load rated capacity could be improved by 
installing new appliances such as light and fan.   
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 Technology knows how among the management and technical staffs was measured 
with the aim to identify the degree of enhancement of knowledge. The share of staff and 
management with relevance education and knowledge level on the system technology can 
lead to survival of the organization as well as ensuring quality in operation and services [11], 
[62]. Some 80% or 49 of them had attended at least a training session on solar PV system 
technology whether before the implementation of the REP or during the installation. The 
courses were divided from basic to certified or expert level. Figure 6.18 shows that most of 
the staff from the PWD and the contractors had attended at least a course. Some 53% of the 
staff of project owner (MOE, SED and DEO) never attended any courses. Out of the 61 
respondents, some 10% of them qualified as the certified designer and installer of solar PV 
system. Each respondent who attended training indicated agreement that their knowledge on 
the system technology improved and they require further training in the future (Median=6, 
IQR=1). Their desire to improve their knowledge and expertise in the system technology 
indicates the importance of sustainability of knowledge among the project and operational 
staffs which can be regarded as incentive and attraction for them to stay in the field of REP 
[10].  
 
Figure 6.18: Training level attended by the respondents. 
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6.4.3 Providing reliability in operation and services 
Table 6.12 shows common problems on the operation of solar PV system that were 
found to be occurred by several studies previously [2], [24], [36], [52], [87], [145]. The 
problems were listed as multiple choice questions for the respondents to identify based on 
their experience on what were the problems of the system if any. The battery system failure 
was notified and discussed in detail in Chapter 5 and the user satisfaction on the quality of 
system operation was highlighted in this chapter. Thus, the issue on battery system, though it 
was found that only one system failed out of fifteen systems investigated, needed to be 
addressed appropriately and action is required not only to replace the damaged batteries at SK 
Poring, but more importantly proactive action as early prevention on another system. The 
problem with the diesel generator failure to start automatically required further analysis to 
identify and rectify the problem of some part of the generator, especially the starter and the 
generator’s battery, were failure prone. Hence, it is the responsibility of the project owner, 
consultant and the contractors as well as the components manufacturer to resolve the problem 
and to prevent recurrence in future. 
System tripping due to overload on the consumer side was not found to be critical but 
needed to be addressed properly. The end users need to understand the limitation of using 
their electrical appliances.  
 Another important issue, as highlighted by the end users in Section 6.3.2, was on the 
time taken in rectifying failures. The longer time taken to resolve the problem would create 
dissatisfaction among the end users. On this matter, several measures can be done to improve 
the quality of the service, such as the maintenance operator to keep spare parts locally; 
maintenance technician is stationed closer to the school and to improve the communication 
and reporting process.  
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 Power theft is considered as a social issue as mention by Hazelton et al. [52]. The case 
at SK Tagibang as described in Chapter 5 was a good example of the importance to expand 
awareness program to the villagers and to develop community involvement. Their action of 
being selfish had interrupted the services and can damage the entire system if uncontrolled. 
Thus, they should be aware that the REP for the school was ideally meant for the benefit of 
the younger generation.  
Table 6.12: Problems with the solar PV system operation. 
Problems  Result 
System 
components failure 
Solar PV No 
Battery Yes 
Diesel generator  No 
Inverter No 
Charge controller No 
Insufficient 
generation or 
resources 
Low battery capacity No 
Diesel supply No 
Diesel generator 
unable to start 
Auto Yes 
Manual No 
System tripping Overload Yes 
Protection failure No 
Lightning No 
Short circuit at load side No 
System abuse Power theft Yes 
Electricity energy waste No 
Circuit modification No 
Operation & 
Maintenance 
Longer time to repair Yes 
Do not follow maintenance 
schedule  
No 
Insufficient experienced staff & 
equipment 
No 
 
6.5 Summary  
 The findings from the survey conducted from the field study at fifteen schools with 
the solar PV system shows that the end users experienced difficulties in accessing electricity 
energy needs from the stand alone diesel generator which was used several years before the 
solar PV system installed. Problems were found for the conventional generation was unable 
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to meet their energy demand; uncertainties in fuel supply and costs; inefficient and unstable 
electricity power supply; and maintenance and parts problem in operating the generator.  
 The findings show that the level of user satisfaction on the services from the solar PV 
system was high.  This is indicated by improvement in the learning environment and quality 
in lifestyle. They also highlighted in agreement on the quality of system operation and 
services but noted in high hope that the reporting process needed to be improved. On another 
matter, though some of the respondents showed concern on the large area required for system 
installation which they felt that it affected the school landscape; most of them delighted that 
the solar PV structure can be used for the multipurpose activity.  
 The implementation of the REP had changed their perception on serving in rural areas 
that they now content to serve at the school for more years. However, their level of 
motivation can be improved should other basics amenities like water supply, road access and 
social activities are available in future. 
 The REP does affect the academic aspect at the rural schools. The availability of 
electricity services enable electrical appliances used in class, comfort in class and allows 
more time for class during the day or night. Thus these conditions led to improvement in 
student attendance in class and produced better academic achievement.  
 The availability of the electricity service does not affect the respondent economically 
in term of gaining extra income. The service only creates the opportunity to canteen operators 
as they are now able to sell a variety of meals. Thus, the respondents’ (teachers) monthly 
expenditure increased subsequently. 
   Awareness and knowledge are important elements in sustaining the REP. Even 
though the respondents gain knowledge in the system technology, the practice to train only 
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one or two teachers from each school on the system technology showed less effective in term 
of sustaining the information within the school population. Hence continuous awareness and 
training program shall be conducted. 
  Evaluation of the organizational aspects resulted in several key findings that 
determine the success rate of the REP. Coordination among the rural development-related 
agencies should be conducted as early at the planning stage of the REP and should continue 
through the other program stages. Similarly, the role and responsibility of each stakeholder 
especially the project owner and the implementation agency must be given priority to 
improving organizational and management process and procedure in executing the program. 
The quality of the system design and installation shall not be taken lightly. The quality level 
can be sustained by effective in analysing data and resources as well as develop skill and 
expert staffs. Finally, the success rate can be evaluated from the level of reliability in system 
operation and services.   
 Overall, the REP for the rural schools resulted in positive impacts on the social, 
education and organizational point of view. However, it should be noted that there are several 
issues and needs that have to be addressed and taken into consideration by the relevant 
stakeholders in creating the REP to be more sustainable.  
 The next chapter discusses the comparative analysis of the system operation and 
economic aspects. Thereafter, the thesis conclusion and recommendation are presented. 
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Chapter 7 : Comparative analysis on system operation and economic 
aspects  
7.1 Introduction 
The aim of this chapter is to present the comparative analysis on the system operation 
and economic aspects. The current installed system capacity was considered as the base case 
for comparison with the optimized systems in order to facilitate the assessment of the 
differences and/or similarities between the actual system operation and the optimum system 
configuration. This allows an in-depth understanding and knowledge of the system in real 
operation mode. 
The optimum system capacity was selected based on the most cost effective. Several 
variables were fixed at constant values that represent the actual operation parameters. Diesel 
price was set at GBP1.30/litre (as quoted by the maintenance contractors), diesel generator 
running hours was 15,000 hours [65], grid electricity rate was GBP0.07/kWh13 and interest 
rate was 6% [68]. 
The results are presented into two sections. The evaluation of system capacity, 
performance and reliability is described in Section 7.2. Assessments on the economic aspects 
of the base case and optimized system are discussed in Section 7.3. Finally, this chapter is 
summarized in Section 7.4. 
7.2 Evaluation of system capacity, performance and reliability 
 The previous chapter produced results on the indicators of the system performance 
and system reliability of the existing installations. Thus, the values are used in this section for 
comparison purposes with the optimized system.  
                                             
13 The grid electricity rate for domestic usage in Sabah ranges from MYR0.175/kWh to MYR0.47/kWh 
depending on total energy used per month for each household. A fix rate at MYR0.35/kWh is considered which 
is equivalent to GBP0.07/kWh (currency exchange rate GBR1.00 = MYR5.00). 
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7.2.1 System capacity 
Table 7.1 shows the actual system capacity and the optimum sizing of the system 
when simulated using the actual daily energy demand. It can be seen the optimum system was 
almost half of each actual component capacity. There were two reasons that contributed to 
this condition: (1) the actual energy demand was lower than the expected energy demand as 
explained in Chapter 5, thus the simulated systems required smaller sizing, and (2) for the 
optimized battery system capacity, the maximum Depth of Discharge (DOD) of the battery 
operation was allowed up to 80% for the optimized system, as per the battery specification 
given by the manufacturer, whereas the actual daily usage of the battery capacity was 
designed equals to 40% of the DOD level. The aim of the simulation using HOMER is to 
optimise a renewable energy system that is competitive in economic indicators. Two 
important indicators that define a cost competitive system are the Net Present Cost (NPC) and 
the Cost of Energy (COE). HOMER calculates the energy balance of any possible system 
configurations, determines the most feasible system sizing and ranks each system by the 
NPC. Figure 7.1 describes an example of simulation result for SK Litang. It can be seen the 
optimum system was rank based on the NPC value. However, the rank would also indicate a 
low Solar Fraction (SF) and high consumption of diesel. For example, the optimum system 
configuration for SK Litang (rank 1st) was found with lowest NPC = MYR 2,677,462 (GBP 
495,492), but the SF was 77% and the diesel used was 2,082 litre/yr. 
 
Figure 7.1: Simulation result for SK Litang.. 
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Table 7.1: Comparison of the system capacity of the base case system and the optimized system. 
  SK Poring        SK Litang         SK Labuk Subur  SK Rungus Nahaba  SK Golong      SK Luasong  
  Actual (basecase) Optimized 
Actual 
(basecase) Optimized 
Actual 
(basecase) Optimized 
Actual 
(basecase) Optimized 
Actual 
(basecase) Optimized 
Actual 
(basecase) Optimized 
Annualized load (kWh/yr) 5,642.96 18,450.14 10,696.98 12,505.86 29,265.82 23,882.87 
System capacity 
Solar PV (kWp) 14.96 10 20.16 20.16 20.16 10 20.16 15 30.24 30.24 31.08 20 
GI (kW) 13.7 10 20 20 20 10 20 15 32 32 32 20 
BI (kW) 10 5 15 5 15 5 15 5 20 5 20 5 
Battery (units) 24 24 48 24 48 24 48 24 72 24 72 24 
Diesel generator (kVA) 12 6.25 13 6.25 13 6.25 13 6.25 24 12.5 24 6.25 
SK Tg Paras    SK Lung Manis  SK Matupang  SK Sungai sungai  SMK Timbua  
  
Actual 
(basecase) Optimized 
Actual 
(basecase) Optimized 
Actual 
(basecase) Optimized 
Actual 
(basecase) Optimized 
Actual 
(basecase) Optimized 
Annualized load (kWh/yr) 24,003.04 22,529.61 21,955.07 39,395.00 51,498.00 
System capacity 
Solar PV (kWp) 31.08 25 40.32 20 40.32 20 60.06 25 60.48 55 
GI (kW) 32 25 44 20 44 20 60 25 64 55 
BI (kW) 20 5 30 5 30 5 45 10 45 10 
Battery (units) 72 24 96 24 96 24 144 48 144 48 
Diesel generator (kVA) 24 6.25 24 6.25 30 6.25 30 12.5 33 6.25 
* GI is grid inverter and BI is bidirectional inverter 
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Figure 7.2: Comparison of actual electricity generation from the solar PV and the optimized 
systems. 
Figure 7.2 shows the differences in the normalized annual electricity energy generated 
by the solar PV modules between the actual solar PV and the optimized systems. The 
optimized systems generated electricity with excess energy. Excess energy is considered as 
surplus energy that has to be dumped for being unused either in supplying to the load or 
charging the batteries [67]. The existing systems were configured without excess energy, 
which explains the difference. The result shows that extra energy is available to be generated 
by the existing installations, which can be utilized further in the future. 
7.2.2 System performance  
Figure 7.3 describes the Solar Fraction (SF) of each system. The SF for the actual 
system was 91.1% on average. The highest actual SF was recorded at SK Labuk Subur 
(99.7%), SK Matupang (98.8%), SK Sungai sungai (97.2%) and SK Rungus Nahaba (95.6%). 
Low daily energy demand at the four schools, when compared to their solar PV sizing and/or 
high irradiation level recorded on site, explains this situation. The less efficient battery 
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system at SK Poring resulted in frequent usage of diesel generator which shared 30.4% of the 
total energy generation mix. 
 
Figure 7.3: Comparison of the SF for base case and optimized system operations. 
 As the optimum system capacity was smaller than the actual system capacity, 
especially the battery system capacity, the SF for the optimized system was lower at 78.8% 
on average. The lower SF level for optimized system resulted to higher consumption of diesel 
as shown in Figure 7.4. Accumulatively, the diesel generators from the optimized system 
would produce 92.2 MWh of electricity annually, whereas the base case systems generated 
21.63 MWh of electricity. The difference is a saving of 3.7 tonne of oil equivalent (toe) or 
22.6 tonne of CO2 emission annually. 
 The annual energy consumption at the eleven schools was accumulated at 259.83 
MWh/yr. Out of this energy demand, only 8.9% of electricity was generated by the diesel 
generator and the remaining demand was supplied from the solar PV. The actual consumption 
from the diesel generators would require 1.86 tonne of oil equivalent (toe) and 11.4 tonne of 
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CO2 would be emitted to the environment. In contrast, if the energy demand was supplied by 
the conventional stand-alone diesel generator system as had been practiced at some schools 
previously, 22.34 tonne of diesel are needed annually and 136.93 tonne of CO2 would be 
released to the nature. Furthermore, the reduction of diesel consumption would also benefits 
the environment in term of minimizing the potential of diesel spillage during delivery and 
refilling process. 
 
Figure 7.4: Electrical energy produced by the diesel generator for base case and optimized 
system. 
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7.2.3 System reliability 
 
 
Figure 7.5: Battery energy efficiency and battery lifetime of the base case system and the 
optimized system. Base case battery lifetime is considered to be six years. 
The battery energy efficiency, which is the inverse function of Charge Factor (CF), of 
the base case and the optimized systems differs by 9.88%, excluding the battery at SK Poring 
(Figure 7.5). It was expected that the optimized battery energy efficiency would be higher 
than the base case scenario as the simulated results did not consider the effect on battery 
temperature during the charging and discharging processes. The lowest battery energy 
efficiency was 63.3% at SK Poring, which has been in operation since 2009. The battery 
system was examined and it was concluded that it can no longer provide sufficient energy 
and needs to be replaced, as reported in [154].   Nine optimized systems require frequent 
battery replacement than the base case system should the battery replacement for the actual 
installation can be maintained at 6 years [124]. The most replacement numbers was found at 
SK Luasong at 3.2 years each and the least was SK Poring at 10 years. However, this 
estimation of the simulation and optimization processes is subject to the condition of the 
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battery once it was installed and in operation. Findings on the battery condition at SK Poring 
is useful and very important as a lesson learnt that shows prediction by modelling system 
performance can sometime differ once the system implemented on site.  
Figure 7.6 shows the solar PV generator capacity, CA and the accumulator capacity, 
CS graph for both base case and optimized system. The value of the base case systems was 
discussed in Chapter 6. The deviation between the base case and optimized system can be 
observed. The aim of optimizing a solar PV power supply was to identify the most cost 
effective system configuration. Low cost parameters which are investment cost, operating 
cost, Net Present Cost (NPC) and Cost of Energy (COE) has always been the desired 
outcome. Hence, for the optimized systems, low cost parameters were achievable by having 
smaller system components capacity as compared to the base case systems. However this 
resulted in the reduction of the system reliability level. The CS and CS values of the optimized 
systems were not within the specified reliability range. The CS values of the optimized 
systems were in the range of 0.72 – 1.97 and the CA values ranges from 0.92 – 1.35.  
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Figure 7.6: CA and CS of base case and optimized systems. 
7.3 Assessment on the economic aspects 
7.3.1 Investment cost and project lifetime cost 
 
Figure 7.7: Total investment cost for all 11 systems. 
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The solar PV is the most responsible for the investment costs needed (33.53%), with 
an average of GBP 5,695.70/kWp for each solar PV module and its system accessories (min. 
GBP 4,816.47/kWp; max. GBP 9,117.65/kWp) (Figure 7.7). Civil works and battery system 
were second and third highest at 19.37% and 15.57%, respectively. The higher cost in civil 
works was due to the design of the solar PV structure and the powerhouse, which required 
elevated structures and buildings to allow school activities to be unaffected, as well as for 
flood prevention.  
 
Figure 7.8: Total project lifetime cost for the 11 systems over 25 years. 
In contrast, the battery system is responsible for 25.23% of the total project lifetime 
cost based on expected period of 25 years (Figure 7.8). The increased battery system cost in 
project lifetime cost sharing was due to the number of battery replacements required. In this 
case it was considered to be replaced in every 6 years [124]. The fuel cost represented the 
minimum (1.49%) in terms of energy demand, which was largely generated by the solar PV 
(SF was 91.1% on average). 
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7.3.2 Net Present Cost (NPC) and Cost of Energy (COE) 
 
Figure 7.9: Normalized NPC of two different system configurations. 
The NPC for the actual and simulated systems were presented in Figure 7.9. The NPC 
was normalized according to solar PV rated capacity. The figure shows that the normalized 
NPC was related to the system capacity, i.e., the higher the system capacity, the lower the 
normalized NPC. The highest NPC was evaluated at SK Poring for both cases. The system 
was the first to be installed and with high installation costs reported. Normalized NPCs for 
optimized systems were higher than the base case at some cases. This deviation, though the 
optimized system capacity was smaller than the base case, was contributed by the frequent 
replacement of system components especially batteries. 
The COE of base case is higher than the optimized system. Excluding SK Poring, the 
average COE (base case) for the other 10 systems is GBP 1.37/kWh (SD = GBP 0.48/kWh, 
min. GBP 0.85/kWh, max. GBP 2.19/kWh) as shown in Figure 7.10. The smaller system 
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capacity contributes to the lower COE of the optimized system than the base case due to the 
actual energy consumption was modelled at optimum system capacity and usage.  
 
Figure 7.10: Cost of Energy (COE). 
Optimized system analysis, conducted by [68], [155] on solar PV hybrid systems in 
Malaysia and elsewhere by [13], [27], [65], have lower COE compared to the base case as 
shown in Table 7.2. Solar PV system at SK Sungai sungai was considered as reference for 
base case. The deviation between the base case values with findings by other studies 
contributed by several reasons. The COE is inversely proportional to total annual load served 
by the system (Eanloadserved). Therefore, low Eanloadserved would cause COE to be higher. In this 
case, most systems were found with actual load in the range of 50% to 80% of the expected 
load ratio. Furthermore, the amount of expected daily energy consumed was designed equal 
to 40% of DOD of the battery. Thus, should the end users increase their daily energy usage, 
directly it would increase the level of DOD and the COE can be lower. As shown in Figure 
7.11 below, the COE reduce significantly with increase of daily energy consumption as 
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reference to the DOD level. The lowest COE of all systems can be achieved if the daily 
consumption equals to 80% of DOD level of the battery system (average GBP 0.54/kWh). 
This can be achieved in theory as the allowable DOD battery per day as specified by 
manufacturer is 80%. In fact the optimization system model by most studies such as by [13], 
[27], [131] assumed higher DOD level of 70 - 80%. However this option may reduce the 
battery lifetime and thus would increase the operating cost and the NPC as the batteries need 
to be replaced more frequently.  
 
Figure 7.11: COE at different DOD battery level of actual system. 
 
The high COE cost for the actual system was also contributed by the cost of civil 
works to accommodate the design and installation of an elevated structure and powerhouse. 
This cost was included as part of the investment cost and further was shared in the total 
annualized cost. Furthermore, the specific factors regarding the solar resources, type of 
components, supply and delivery costs, labour costs and operating costs led to the deviations 
[27]. 
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Table 7.2: Comparison of several economic analysis studies on solar PV systems. 
Present studies on solar PV system at SK Sungai sungai was used as reference. All costs for the system at SK Sungai sungai were based on price 
in 2009. 
Location Usage 
Energy 
demand, 
max 
demand 
Optimum 
system sizing 
Components 
Diesel cost SF COE NPC Ref. 
Capital O&M 
Malaysia 
(hybrid 
system)  
Primary 
school (SK 
Sungai 
sungai) 
107.93 
kWh/d, 
6.26 kW 
PV - 60.06 
kWp         
Batt - 144 
units at 1,500 
Ah each    DG 
- 30 kVA           
Bi-inverter - 
45 kW    
Grid-inverter 
- 64 kW 
PV - 
GBP5,014.98/kWp       
Batt - GBP900 each       
Bi-inverter - 
GBP880/kW        
Grid-inverter - 
GBP750/kW               
DG - GBP560/kVA      
System accessories & 
civil works - 
GBP5,482.18/kWp        
Total cost - 
GBP954,520 
PV - 
GBP30/kWp /yr 
Batt - GBP30/yr 
each                       
DG - GBP4/hr 
GBP1.30/litre 97.2% GBP1.20/kWh GBP1.199 
million 
Base case 
Malaysia 
(hybrid 
system)  
Communities 1,156 
kWh/d,  
84 kW 
peak 
PV - 60 kWp    
Batt - 6,936 
Ah             
DG - 50 kW 
(2 units)         
Inverter - 60 
kW 
PV - GBP4,000/kWp     
Batt - GBP785.71 
each                   
Inverter - 
GBP642.86/kW             
DG - GBP357.14/kW    
Total cost - 
GBP323,714.30 
Batt - 
GBP85.71/yr 
each                  
DG - GBP0.89/hr 
GBP1.45/litre 22% GBP0.57/kWh GBP3.07 
million 
[68] 
Malaysia 
(hybrid 
system)  
Tourism 
resort 
496 
kWh/d 
PV - 200 
kWp        
Wind - 40 kW  
Batt - 540 
units at 1,150 
Ah each      
Inverter - 100 
kW  
PV - 
GBP4,285.71/kW         
Wind - GBP1,785.71 
at 3.5 kW each               
Batt - GBP821.43 
each                 
Inverter - 
GBP571.43/kW    
PV - 
GBP7.14/kWp/yr   
Batt - 
GBP7.14/yr each    
Wind - 
GBP53.57/yr 
each 
GBP1.50/litre 100% GBP0.79/kWh GBP1.823 
million 
[131] 
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Total cost - 
GBP1,407,857 
Nigeria 
(hybrid 
system) 
Communities 1,020 
kWh/d 
PV - 20 kWp    
Batt - 4,624 
Ah             
DG - 15 kW     
Inverter - 10 
kW  
PV - 
GBP2,285.71/kWp       
Batt - GBP714.3 per 
unit                   
Inverter - 
GBP571.43/kW        
DG - GBP8,088.57 
Batt - 
GBP35.71/yr 
each             
Inverter - 
GBP71.43/yr        
DG - GBP0.36/hr 
GBP0.93/litre 71% GBP0.42/kWh GBP0.178 
million 
[65] 
Malawi 
(hybrid 
system) 
Communities 
in an island 
3,189 
kWh/d 
PV - 1,250 
kWp        
Wind - 100 
kW            
Batt - 1,710 
units at 1,150 
Ah each   
Inverter - 500 
kW             
DG - 250 kW 
(3 units)       
PV - GBP898.47/kWp   
Wind - 
GBP4,117.50/kW          
Batt - GBP575.71 
each                 
Inverter - 
GBP458.05/kW      
DG - existing DG          
Total cost - 
GBP2,867,589 
PV - 
GBP8.93/kWp/yr  
Batt - 
GBP3.57/yr each    
Wind - 
GBP823.57/yr 
each                    
Inverter - 
GBP0.90/kW/yr     
DG - GBP3.11/hr 
GBP1.64/litre 90% GBP0.42/kWh GBP5.106 
million 
[27] 
Bangladesh Village (24/7 
supply 
scenario) 
589 
kWh/d, 
44 kW 
PV - 50 kWp   
Batt - 200 
units at 360 
Ah each      
Inverter - 25 
kW            
DG - 30 kW 
PV - GBP2,000/kWp     
Batt - GBP107.14 
each                  
Inverter - 
GBP143/kW          DG 
- GBP429/kW               
Total cost - 
GBP140,000  
PV - 
GBP1.14/kWp/yr   
Batt - NA               
Inverter - NA         
DG - GBP1.07/hr 
GBP0.43/litre 33% GBP0.25/kWh GBP0.537 
million 
[13] 
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7.4 Summary  
It was highlighted that predicting the load pattern to be as accurate as the expected 
load consumption has always been challenging. Although the systems were in operation for 
several years, the actual load never exceeded the predicted energy demand.  
Comparison on both base case and optimized systems based on the technical and 
economic parameters shows deviations which can be summarized in the Table 7.3. When 
using the actual data on resources, load consumptions and costs, the base case systems 
provide better values in system operation, performance and reliability factors as compared to 
the optimized system. Optimized systems show advantage in economic factors especially low 
COE as compared to the base case system. But the fact that it’s NPC was higher; and low in 
SF and accumulator capacity (CS), makes the base case system more preferable. Furthermore, 
in the context of full subsidized by the GoM in supplying electricity services to the schools in 
rural Sabah, the COE was found to be less influential as compared to other indicators. 
However, the COE and NPC of this studied case were higher than other solar PV 
hybrid systems studies elsewhere due to the low energy consumption as compared to the 
available potential of the solar PV system at each location. Besides, the insertion of the local 
context and location specific factors made the COE and NPC higher. 
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Table 7.3: Comparative analysis of base case and optimized systems. 
Values are based on average from 11 solar PV systems. 
Comparative analysis 
parameters 
Unit, 
symbol 
Base case,   
(SD) 
Optimized, 
(SD) 
System performance and 
reliability 
   
Solar Fraction % 91.1%, 
(8.7%) 
78.7%, 
(6.6%) 
Battery lifetime years 6 4.3,         
(2.1) 
Battery energy efficiency % 76.3%, 
(4.1%) 
86.1%, 
(0%) 
Generator capacity CA 1.13,     
(0.07) 
1.16,   
(0.12) 
Accumulator capacity CS 3.09,     
(0.67) 
1.38,   
(0.36) 
Economy    
Total investment cost 
(average) 
GBP 568,705, 
(183,965) 
347,146, 
(95,915) 
Normalized investment cost GBP/kWp 16,657, 
(6,501) 
17,569, 
(10,140) 
Net Present Cost GBP/kWp 21,552, 
(7,449) 
27,253, 
(9,926) 
Cost of Energy (COE) GBP/kWh 1.70*,   
(1.20) 
1.22*,   
(0.86) 
Note: COE includes SK Poring. 
The next chapter presents the thesis conclusion and recommendation on the 
sustainability model of REP implementation, specifically for schools in off-grid rural areas in 
Malaysia. 
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Chapter 8 : Conclusion, recommendation and further works 
8.1 Introduction 
 The basis of this thesis was to explore the REP’s post-installation analysis on the 
system operation and functional, identify the benefits of the program and analyse the program 
implementation approaches. This thesis has described the approaches on investigating the 
impact of the implementation of REP for rural schools using solar PV-diesel hybrid system 
technology. The overall aim of the research was to evaluate the REP in social, organizational, 
technical and economic aspects of the program that the findings can facilitate the 
stakeholders, mainly the policy maker and implementers for current and future approaches, 
measures and decisions on REP activities and initiatives in Malaysia. More importantly, it is 
desirable that the understanding on the solar PV system operation and functionality can 
provide information on the end users’ electricity energy demand and needs; and effectiveness 
of the program in order to improve the quality of social and education environment at schools 
in rural Sabah.  
 This chapter provides summaries on the key findings and conclusion in Section 8.2. 
Section 8.3 outlines the research contribution to knowledge on REP implementation and 
finally, Section 8.4 outlines the recommendations and further research works.  
8.2 Key findings and main conclusion 
 This section provides the key findings and the main conclusions of the thesis based on 
the research objectives which are;  
i) To develop an analysis approach to evaluate the REP; 
ii) To investigate, test, and analyse the solar PV-diesel hybrid system’s performance; 
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iii) To determine the effectiveness of the REP using the solar PV-diesel hybrid system 
in rural schools in Sabah, Malaysia in the social, education, and organizational 
aspects; and 
iv) To analyse the system’s design and expected parameters with the actual operation 
parameters of the solar PV-diesel hybrid system. 
The objectives were accomplished and became the grounds of the findings and 
conclusion of the study. The first objective on analysis approaches was explained in the 
Chapter 4. Furthermore, the development on sustainable REP model is described in the 
Section 8.4. The findings and conclusions are described into four sections as follows.  
8.2.1 Objective (ii) : Understanding electricity energy demand, solar PV system’s 
operation and performance	  
8.2.1.1 Solar energy resources 
 Based on real time data measurement, the study has developed an understanding on 
solar energy resource and its potential at each location.  The measurement on solar irradiation 
level at eleven schools showed that the average solar energy intensity was 1,592.3 kWh/m2/yr 
or 4.36 kWh/m2/d. The highest reading was recorded at SK Sungai sungai at 5.38 kWh/m2/d 
and the lowest reading was at SK Poring at 2.82 kWh/m2/day. Though the schools are 
dispersed at different locations all over Sabah region, the irradiation level did not differ much 
as the standard deviation was low at 1.10 kWh/m2/d. This showed that the solar energy 
resource in Sabah region is highly potential which can be manipulated as an option for 
electricity generation and power supply.  
 Similarly, the ambient temperature recorded at the schools showed high temperature 
(average) and the differences were marginal by location. However, the readings showed that 
school at highland would have lower temperature than the low land and school in island 
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would experience higher temperature than other schools that located in main land (refer to 
Table 5.1 in Chapter 5). Thus, the higher values of both irradiation level and ambient 
temperature would increase the solar PV module temperature linearly and the temperature 
coefficient of the solar PV module would significantly affect the solar PV output.   
8.2.1.2 Electricity energy needs and consumption 
 Previous experience on the usage of the stand-alone diesel generator power supply 
showed that the end users were not satisfied with its service for reliability concerns, 
difficulties in supply of fuel, limited operating hours and maintenance issues. For those who 
had owned personal diesel generator, their normal monthly fuel consumption range from 30 
to 300 litres of diesel. The large variation was due to the fuel spending depends on personal 
expenditure and the diesel price range from GBP 0.30/litre for subsidized fuel to GBP 
2.40/litre if bought at village nearby.  
 For the school (including household for teachers/staff) electrical appliances 
preferences, the importance was ranked from the most preferences to the least preferences 
which was lighting, fan, phone charge, personal computer, refrigerator, television, rice 
cooker, radio, iron, washing machine, hair dryer and air conditioning unit. 
 The findings on energy demand rate at each school showed that the end users never 
exceed the allowable daily electricity energy usage that the system able to provide. The usage 
rate provides sufficient energy capacity margin for future demand growth. Thus, the findings 
showed that for a stand-alone power supply system, the accuracy of the actual load pattern 
against the expected load as calculated from the system design was unpredictable. This was 
due to unavailability of energy usage history and therefore the system load profile was 
determined by the designer’s assumption which has become the common method in 
designing a stand-alone power supply system everywhere. Additionally, when it comes to 
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real time operation, the trend in load profile and the total daily energy used were 
differentiated by several factors which were school holidays and weekend, numbers of 
occupants who used the electricity services in 24 hours daily (teachers/staff stayed or did not 
stayed at school), accessibility to the school from city nearby (teachers stayed in the city or 
spend their weekend in the city if less travelling time and cheaper transportation cost) and 
type of electrical appliances used at the school. There was no evidence on the effect of 
seasonal weather on the energy demand of the schools.  
8.2.1.3 Solar PV system operation and performance 
 The observations and measurement on system components were beneficial as the first 
step in determining the functionality of the solar PV system. Most system components were 
found in good condition and operation. Nevertheless, some issues on absence in maintenance 
work for some period of time at all systems and battery system quality requires serious 
consideration and immediate action by relevant parties to prevent long term effect which may 
damage the entire system.  
The sustainable element of the REP from the technical point of view was assessed by 
the formulation of two set of indicators which were system performance indicators and 
system reliability indicators. On average, the operation of the solar PV system agreed to the 
reference values for both indicators. The solar PV arrays produced 49.8% of the available 
potential electrical energy from the sun. The system efficiency was high at 96%, Solar 
Fraction (SF) was 91% and Performance Ratio (PR) was 0.47 that showed the systems were 
in good operation. The systems were found to be reliable and durable based on the system 
reliability indicators of Charge Factor (CF) was 1.34, generator capacity (CA) was 1.24 and 
accumulator capacity (CS) was 3.09. However, the system at SK Poring requires attention as 
some indicators on SF, CF and CA did not meet the reference values. Furthermore, five 
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systems were found with CS in the range of 2.16 to 2.64 which was lower than the reference 
value of 3.0.   
8.2.2 Objective (iii) : Social and education elements of REP  
 The findings in assessing social and education elements, the Chapter 6 showed high 
degree of responses from the end users. The end users were satisfied with the electricity 
services from the solar PV system for improvement in learning environment, quality in 
lifestyle and quality in system operation and services provided by the operators. They were 
also delighted that the PV structure can be used for multipurpose activities, although the 
installation consumed some school area. The implementation of the REP made them 
motivated to serve at the school that they are now content to stay for many years. However, 
the electricity service is not a conclusive answer in motivating the teachers and staff as other 
basic amenities should also be considered. The end users showed variation in opinion of 
willingness to pay for electricity services. Those in disagreement believe that the free 
electricity should be considered as their privilege for their service in undeveloped areas for 
the hardship they faced. 
In terms of academic aspect, the availability of the electricity enabled electrical 
appliances to be used in class, comfort in class and allowed more time for teaching during 
day or night which led to improvement in student attendance and resulted in better academic 
achievement.  
The REP created opportunity to canteen operators to sell a variety of meals and drinks 
and provide better food storage. The monthly expenditure especially among the teachers 
increased for increased in purchasing power.  
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However, several improvements in the REP practice are required which are reporting 
process should be more efficient and the scope of training and awareness program needed to 
be extended to every end user for sustainability in information and knowledge.    
8.2.4 Objective (iii) : Governance in organizational   
 The success rate and sustainable elements of the REP are also determined by good 
governance in organizational and project management. Some key findings were highlighted 
on the need for effective coordination among the rural development related agencies since the 
REP for rural schools in Sabah was not the only electrification program for rural areas 
development in Malaysia. The coordination should be performed as early as the planning 
stage to identify prospective area and to determine which agency is responsible for the 
implementation process. This effort should not stop at the planning stage but must continue 
through the other program stages.  
In view of the REP for rural schools, the role and responsibility of each stakeholder 
especially the MOE as project owner and PWD as implementation agency should be defined 
clearly to prevent redundancy in scope of work and to smoothing the transition between 
installation and maintenance work. On the sustainable knowledge matter, the REP 
successfully produced and developed skill and expert staff. 
8.2.3 Objective (iv) : Techno-economic elements 
 Based on the actual data gathered from the REP contractual document on components 
costs, supply and installation costs, cost for civil and structural works; the followings are the 
installed cost for the solar PV-diesel hybrid system. The descriptions are based on a solar PV 
system capacity of 60 kWp as reference: 
 Solar PV    - GBP 5,014.98/kWp 
 Battery system   - GBP 900 per unit of VRLA type, 2Vdc and 1,500 Ah 
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 Bidirectional inverter  - GBP 880/kW 
 Grid inverter   - GBP 750/kW 
 Diesel generator   - GBP 560/kVA 
 System accessories and civil works - GBP 5,482.18/kWp 
 Total installation cost   - GBP 954,520 
The costs for operation and maintenance services are described as follows: 
 Diesel cost  - GBP 1.30/litre 
 Solar PV  - GBP 30/kWp/yr 
 Battery system - GBP 30/unit/yr 
 Diesel generator - GBP 4/hr 
 Other components costs are considered under solar PV cost 
The solar PV components (solar PV module including its accessories) contributed the 
highest installation cost (33.53%) followed by civil works (19.37% and battery system 
(15.57%). However, the battery system would become the highest cost in project lifetime of 
25 years for its frequent replacement as compared to other components. Subject to the battery 
conditions, quality and usage factors; the project lifetime cost of the storage system can be 
reduced and thus total cost can be minimized. Nevertheless, considering the findings from 
this study, the six year replacement of the VRLA battery is achievable.  
Comparison on the actual system operation and the optimized simulated system based 
on the actual data on load profile, costs and actual meteorological parameters (irradiation and 
temperature) showed deviations in technical and economic aspects. Technically, the actual 
systems had more advantages than the optimized systems. The smaller battery system 
capacity, lower Solar Fraction (SF) and frequent replacement on the storage system of the 
optimized systems concluded that the actual system perform better and more reliable and 
233 
 
durable. However, the optimized systems showed advantages in economic factors as the Cost 
of Energy (COE) were lower than the actual system. Nevertheless, since the electricity 
services are fully subsidized by the Ministry of Education (MOE), the effect of higher COE 
for the actual system had limited influence. 
The summary of the findings can be illustrated in Table 8.1. 
Table 8.1: Summary of research findings. 
Impact / sustainable 
elements 
Methods 
(A) System operation 
and functional analysis 
(B) Questionnaires / 
surveys 
(C) Comparative 
analysis 
(A) Technical - Most systems were in 
good performance, 
reliable and durable. 
- Actual electrical energy 
demand never exceeds 
system capacity. 
- Evidence in unutilized 
solar resources potential 
  - Actual systems had 
advantages in technical 
indicators. 
 
(B) Social  - Level of satisfaction and 
appreciation were high. 
- Improvement in 
academic and school 
security level 
 
(C) Organizational  - In need of improvement 
in implementation 
process and coordination. 
- Create skill and expert 
personal 
 
(D) Economy  - Create opportunity in 
business. 
- Increase in purchasing 
power 
- High COE for actual 
systems compared to 
optimized system. 
- NPC of actual systems 
was lower than optimized 
system. 
 
8.3 Research contribution to knowledge on REP implementation 
8.3.1 Schools’ electricity energy use profile 
 The study has provided understanding in actual electrical energy preferences and 
profile for schools in rural areas in Sabah in term of energy demand, daily load pattern and 
preferences in electrical appliances; all of which are important in REP implementation and 
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development whether for current initiatives or future plans. The characteristic of the electrical 
energy profile is essential to be used in REP planning.   
8.3.2 Novel and new perspective in using technical indicators for solar PV system 
evaluation 
The system operation and functional analysis tools that was developed from this study 
provides a new perspective and beneficial measures in evaluating a solar PV system 
performance and reliability. The system performance indicators denotes how well the system 
functions in producing electrical energy to meet the demand from the end users. Based on 
real time data measurement, the system reliability indicators can be seen as a vital tool not 
only to identify the values of the system capacity, but also for prediction measures in 
analysing the durability of each component. 
8.3.3 Insight on REP impact on social and education environment 
 The study has provided information on the impact of the program on the end users; in 
short term and long term. The elements of sustainability in the social and education context 
deliver wider scope in assessing the effectiveness of the REP that provides collaborative 
evaluation with the technology performance and economic aspect.    
8.3.4 Understanding cost-benefit of REP implementation 
 The research has quantified the cost benefit of the REP implementation and provided 
understanding in determining prioritisation elements in term of cost effective and technology 
performance. Cost analysis has been seen as a crucial foundation in evaluating prospect of 
REP using renewable energy technology that can determine its sustainability. Nevertheless, 
merging technology performance analysis with the cost analysis would somehow enhance the 
valuation process especially for the post-installation assessment. 
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8.3.5 Solar energy resource data for Sabah region 
 The study has determined the solar energy resource at each specific location based on 
onsite meteorological data measurement which defined the solar energy potential and can be 
used for further assessment in mapping solar energy of Sabah region. The availability of 
meteorological sensors at each installed systems can generate reliable and accurate solar 
energy resource data base for Sabah that is useful for further exploration.    
8.4 Recommendation and further research works 
8.4.1 Recommendation 
 The findings of this study showed that there are in need of some improvements in the 
REP implementation and practices. Table 8.2 describes the propose concept and practice 
model in implementing the REP for rural schools in Malaysia. Figure 8.1 graphically 
illustrates the proposed model. In this diagram roles and responsibilities of stakeholders are 
identified to optimize the practice of REP in Malaysia specifically for rural schools. The 
proposed implementation model and practices is to streamline the management of the REP 
for each implementation phases which are planning and design phase; installation phase; and 
operation and maintenance phase. It has a strong emphasis on project management and 
governance, technical and knowledge sustainability.   
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Table 8.2: Proposed of REP model and practices. 
REP model and practices Current Proposed 
 
a) Delivering success in 
project implementation 
- REP objectives 
 
 
 
 
 
 
 
- Stakeholders Term of 
Reference (TOR) 
 
 
 
 
 
 
- Coordination with rural 
development related agencies 
 
- Site assessment 
 
 
 
 
 
 
 
- System design and 
specification 
 
 
 
b) Assuring quality in 
installation and operation 
- Supervision and reporting 
 
 
 
 
 
 
 
- Operation and Maintenance 
(O&M) 
 
 
 
 
- MOE had developed clear 
program objectives in 
conjunction to GoM 
initiatives for rural area 
development. However long 
term planning to execute the 
program was never 
developed. 
- Unclear TOR. The role of 
each stakeholder is based on 
one-off practice.  
 
 
 
 
 
- No collaboration in 
information among the 
agencies. 
- PWD conducted site 
assessment by evaluating and 
estimating load requirement. 
 
 
 
 
 
- PWD had developed system 
specification and standard. 
 
 
 
 
 
- Installation work on site 
supervised by PWD and 
MOE viewed the progress. 
Installation should meet with 
specification and standard. 
After completion, the 
installer performed a two 
years warranty period. 
- O&M service provider was 
nominated for short term 
contract. 
 
 
 
- MOE to continue practicing 
the program objectives to 
meet the GoM initiatives. 
Long term planning is 
essential for REP 
sustainability. 
 
 
- MOE shall define the TOR 
specifically and shall be 
implemented/practiced at 
every stage of the REP 
(current or future program). 
Review shall be made from 
time to time basis depending 
on requirement. 
- Data and information 
sharing among the agencies. 
 
- PWD to continue the 
current practice but shall 
consider wider input; eg. load 
requirement, load 
preferential, numbers of 
school population and type of 
residency for accuracy in 
system design. 
- PWD to continue 
developing and improving 
specification and standard in 
system design and 
technology. 
 
 
- No change is required. 
 
 
 
 
 
 
 
- O&M service provider shall 
be nominated for longer 
period of maintenance work. 
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- Centralized O&M helpdesk 
 
 
 
 
 
 
 
 
- Remote monitoring system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Sustaining knowledge 
 
 
 
 
 
- Several installers (during 
warranty period) or O&M 
service provider involved 
during operation period thus 
each of them had their own 
helpdesk for reporting on 
system failures. 
 
 
- Each system was equipped 
with data logger but 
application for remote 
monitoring was unavailable. 
Main reason was due to 
unavailability of internet 
access. 
 
 
 
 
 
 
 
 
 
- Training was given to end 
users based on one time 
session to selected teachers.  
A review on the contract 
shall be done several months 
before the work ended and 
shall be continued 
immediately. 
- Regardless of how many 
service providers are 
involved during operation 
period, only one helpdesk 
shall be formed for efficiency 
in managing reports. Mode of 
communication shall be 
multiple. Internet access shall 
be made available on site. 
- Remote monitoring system 
is essential in system 
operation and system 
performance evaluation. 
Internet access shall be made 
available on site.  
- Remote monitoring system 
shall be enhanced for the 
system to automate analysis 
in system performance and 
can predict reliability and 
durability level. The 
technical indicators 
introduced in this study can 
be implemented as part of the 
remote monitoring system.  
- Training session shall be 
multiple and conducted 
continuously to every end 
user. Scope of training shall 
be enhanced inclusive of 
system technology and 
awareness among end users 
as well as to include 
participation of the 
community. 
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Figure 8.1: The proposed new model concept and practice of the REP for rural schools in Malaysia. 
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8.4.2 Further research works 
 Several potential further research works has been identified which can be conducted 
in future: 
a) The technical indicators introduced in this study can be validated by conducting 
further study at other systems installed which can improve the resolution of the 
results.  
b) The period of measurement can also be extended into several years. This is very 
important as the results and findings can describe the differences or similarities in 
energy usage, system operation and system performance in every year. Thus the 
benefits of the REP can be observed in wider range. 
c) Development of remote monitoring system with automated analysis features on 
system performance and reliability. The works can include system architecture, 
network and communication design and developing data centre.   
d) Study on the solar energy resource and potential at all 160 schools with installed solar 
PV. Every system was provided with irradiance sensors and thus this can be an 
advantage for solar energy resource and potential study and thus can develop solar 
energy mapping for Sabah region. 
e) Investigation on other renewable energy resources can be also be conducted by 
installing other meteorological sensors such as wind sensors. Apart from identifying 
other possible renewable energy potential, it can also justify which resource has more 
potential than the other at each specific location.  
f) Study on the villagers’ perception on the REP and their expectation in electricity 
service from the solar PV system. 
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Appendix 
Appendix 1: Solar analyser PVA-600 specification 
a) PVA-600 electrical specification 
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b) Wireless temperature sensor specification 
 
c) Wireless irradiance sensor specification 
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Appendix 2: Sunny webbox data logger specification 
a) Sunny webbox technical data 
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b) Sunny webbox connection area 
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Appendix 3: Site information and system operation and functional analysis form 
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Appendix 4: Questionnaires form 
IMPACT STUDY ON RURAL ELECTRIFICATION PROGRAM USING SOLAR PV-DIESEL HYBRID SYSTEM FOR RURAL 
SCHOOLS IN SABAH, MALAYSIA 
Instruction: Please fill in spaces and tick   X  where applicable.  
SECTION A – USER’S SATISFACTION        
i) Learning condition after system installation Strongly 
agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
a. Learning condition improves after the system is in operation        
b. Students enjoy learning in class more than before        
c. Teachers are able to use interactive teaching tools like laptop, computers, projector & internet 
in class 
       
d. Extra classes can be held and study hours are longer        
ii) Daily lifestyle        
a. The condition at home or hostel is more comfort after the system is in operation        
b. I can enjoy more entertainments like TV,  radio and internet        
c. I can have more activities at night        
d. Food is easy to prepare after the system installation        
e. Food can be stored at longer time after the system installation        
f. I faced difficulties in preparing my daily meal before        
g. I usually did not have any activity at night before        
iii) School activity        
a. Appliances like printer and computer are fully utilized        
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 Strongly 
agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
b. The condition in class and schools activities improves after the system installation        
c. Food at the school canteen can be stored at longer time        
d. Food is easy to prepare at school canteen        
iv) Operation & maintenance        
a. The system experienced breakdown frequently        
b. The downtime of the system when breakdown occurred is lower (ie, average less than 5 days 
for each system) 
       
c. The rate of system failure is very minimal (ie, average once in every month for each system)        
d. The breakdown reporting process is very efficient        
e. I can always communicate directly to the maintenance team whenever problem on the system 
happened 
       
f. The diesel which was  supplied over the program was sufficient        
v) Access to electrical appliances        
a. It is important to not wasting electricity for longer service of power supply from the system        
b. It is important to not wasting electricity for better service of power supply from the system        
c. The load limiter works well with my daily energy usage        
d. The numbers of electrical appliances increased after the system in operation        
e. To date, the system still produces sufficient energy for the load demand        
vi) System suitability        
a. The space required for the system affect the school area        
b. I prefer the solar PV structure to be multipurpose which can be used for school activity        
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 Strongly 
agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
c. The power house and solar PV structure should be isolated from public access        
d. The system installed suit well with the school landscape        
vii) Experience on diesel generator 
a) Did you own the diesel generator for electricity before the system installation?               YES            NO 
If YES, please answer questions (b) – (h)  
b) Please state the capacity of the generator  ___________ kVA 
c) Was/were the generator(s) shared with other school buildings?             YES              NO 
d) If YES please specify which buildings ___________________________________________________ 
e) Average monthly fuel consumption    ___________ liter 
f) Average price of diesel purchased      ___________  RM/liter 
 
g) Do you still use the generator?               YES             NO 
Reason : ___________________________________________________________ 
h) Problems(s) with the diesel generator (answer can be more than one answer) 
No problem                               Supply stability                         Reliability                   
Environment                             Effect to electronic equipment 
                        Difficult to get fuel supply               Other, please specify ________________________     
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viii) Load information 
a. List in sequence numbers, the importance of the following electrical appliance to you starting from number 1 as the most important 
                    _______    Light 
                    _______    Fan 
                    _______    Refrigerator 
                    _______    Television 
                    _______    Radio 
                    _______    Electric cooker 
                    _______    Hair dryer 
                    _______    Iron 
                    _______    Air-condition 
                    _______    Phone charger 
                    _______    PC/laptop 
                    _______    Washing machine 
                    _______    Other, _______________ 
                     _______    Other, _______________ 
                    _______    Other, _______________ 
                     _______    Other, _______________ 
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b. List of electrical appliances before / after - for teachers / school staffs who live within the school 
 
Appliances Quantity 
Status        
(1-before* /   
2-after**) 
Functioned?  
(√ / X) 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
* Status Before means the appliances purchased before the solar PV-diesel hybrid system implemented 
** Status After means the appliances purchased after the solar PV-diesel hybrid system implemented
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ix) System reliability 
a. Please specify the common problem or system failure that you have experienced (if any) (can be more than one answer) 
           System in good operation 
           No power generation/system breakdown from:              Solar PV                Battery 
                                                                                                   Diesel generator  
           Insufficient energy generation to meet load demand:               Low battery capacity    
                                                                                                             Lack of diesel supply                                                                                                   
           Diesel generator unable to start:              Auto              Manual 
           Electronic problem:                       Inverter                     Charge controller 
           System tripping:                    Overload                    Protection system failure    
                                                         Lightning                   Short circuit at load side      
 System misuse:                     Tapping to building outside school boundary 
                                              Wastage of electricity 
                                              Modifying the system/electrical circuit 
           Lack of maintenance process:                
                                 Longer time to repair and replace broken components 
                                        Preventive maintenance cycle does not follow schedule 
                                        Maintenance process does not follow maintenance guideline 
                                        Maintenance team/staff lack of expertise & equipment 
 Others, please specify   ________________________________________________ 
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SECTION B – USER’S APPRECIATION        
i) Teachers motivation Strongly 
agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
a. I am content to serve at this schools for longer years        
b. I am willing to be posted at other rural schools that have the same system        
c. I stay at school for longer days including weekend        
d. Before the system installation, I would not stay at the school during weekend        
e. I spend my weekend in the city/town nearby after the system installation        
f. I am happy that the school has 24 hours electricity from the system        
g. 24 hours electricity motivates me to be posted at rural school        
ii) Future grid connectivity Strongly 
agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
a. Electricity services are better from the grid network        
b. I think the solar PV-diesel hybrid system can only be used as a temporary electricity supply 
solution 
       
c. If the grid network is available in the future, I am willing to pay for the service        
d. I will stay using the electricity from the solar PV-diesel hybrid system until the end of its 
lifetime, even when the grid network is available 
       
 
SECTION C – EXCELLENCE IN ACADEMIC        
i) Academic performance Strongly agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
a. Students attendance improves after the system is in operation        
b. The students achieve better examination results after the system in operation        
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 Strongly 
agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
c. The learning condition improves due to the ability to use more interactive learning tools        
d. The academic achievement improves as to more time spent on extra classes        
 
SECTION D – INCOME GENERATION        
i) Economy Strongly agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
a. I gain extra income after the system is in operation        
b. Variety of foods/meals and drinks can be sold at the school canteen        
c. The monthly spending increases after the system is in operation        
 
SECTION E – SCHOOL SECURITY        
i) Improvement in schools security Strongly agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
a. It is important that the security level is kept high at all time        
b. The implementation of the system give significant improvement to the school security especially 
at night 
       
 
SECTION F – KNOWLEDGE & AWARENESS        
i) Sustainable knowledge Strongly agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
a. I gain knowledge on the renewable energy system from the system installation        
b. Knowledge  and awareness on the system operation is important        
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 Strongly 
agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
c. I am able to use the system as an example in the subject that I taught        
d. Only the appointed teacher should have the knowledge on the system operation        
e. There should be at least a teacher to be appointed to look after the system        
f. Teacher should not be burden to look after the system but at least a technician should be 
appointed 
       
g. Most students are aware on the system theoretically and operationally        
 
h. I have attended training / courses on the system technology                  YES                 NO 
 
i. Level of training / courses attended (can be more than one answer)      
 
              Basic / fundamental                      Intermediate                           Advance                               Certified / expert                                              
 Strongly 
agree Agree 
Slightly 
agree 
Slightly 
disagree Disagree 
Strongly 
disagree 
Not 
applicable 
j. My knowledge on renewable energy technology improve after attending the training(s)        
k. The training/course that I attended is equivalent with my role in the rural electrification 
program 
       
l. I require further training and courses in the future        
m. End users require continuous training & awareness program        
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SECTION G – ADDITIONAL INFORMATION  
 
 
 
 
 
 
 
SECTION H – COMMENTS 
Looking back on the experience, are there any particular positive, negative and/or suggestion on the aspect of the system that you would like to 
highlight. Use the space below. 
POSITIVE 
 
 
 
 
NEGATIVE 
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SUGGESTION 
 
 
 
 
 
 
 
SECTION I – BACKGROUND INFORMATION 
i) Gender    Male    Female 
ii) Age    
iii) Profession   Teacher  School staff    
iv) Number of years serving at this school  year(s)       month(s) 
v) Total years serving at rural schools  year(s)       month(s) 
vi) Residence location  Teachers quarters 
Village nearby 
Town/city nearby 
~ END OF QUESTIONAIRE ~ 
THANK YOU VERY MUCH ON YOUR CONTRIBUTION  
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Appendix 5: Field study information 
School name SK Tg Paras SK Rungus Nahaba SK Luasong SK Labuk Subur 
School information         
Coordinate N4.99, E118.342 N6.047, E116.391 N4.6, E117.4 N5.7, E117.498 
Elevation 10 m 614 m 62 m 35 m 
Teachers / staffs 15 / 2 12 / - 19 / 5 12 / 2 
Students 235 26 269 111 
School buildings (old / 
new) 9 / - 10 / - 8 / 1 4 / 1 
Records         
Examination 2007 - 2013 2009 - 2013 2007 - 2013 2012 - 2013 
Student Attendance NO NO Average annually record given Jan 2014 - Aug 2014 
Teachers transfer 2011 - 2014 2008 - 2014 2010 - 2013 2012 - 2014 
Previous energy generation 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
Grid electricity availability NO. Nearest Lahad Datu  Grid electricity available at village in July 2013 
NO. Centralized diesel 
generator operated in 12 
hours daily by local 
utility (Sabah 
Foundation) 
NO. Nearest grid in 30 
km. Village use diesel 
generator (6 pm - 11 pm) 
by oil palm plantation 
company 
System observation         
System operation start date 26/12/2010 26/12/2010 10/02/2011 11/05/2011 
Solar PV No problem and defect free 
No major problems or 
damaged, but light 
discolouration on 
gridlines pv module 
observed 
Heavy soiled and dirt on 
every panels. Combined 
connection two different 
PV panel rating at one 
string. Two panel shaded 
by tree 
Light dirt and soiled on 
PV panel edge 
Battery 
Measured at > 2.0 Vdc 
per cell, physically 
covered with dust 
Measured at > 2.0 Vdc 
per cell, physically 
covered with dust 
Measured at > 2.0 Vdc 
per cell, physically 
covered with dust 
Measured at > 2.0 Vdc 
per cell, physically 
covered with dust 
Inverter 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. In good 
operation 
Diesel generator 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. Faulty due to 
battery charger failure 
Measured and data 
recorded. In good 
operation 
Running hours 531 295 743.9 181 
Diesel storage 
remaining during field study 1,350 liter 1,350 liter 900 liter 1,800 liter 
System operation hours (until 
last data recorded) 32876.6 34709.6 32309.9 30803.9 
Diesel generator capacity 24 13 24 13 
Energy generated 
(approximate) 8665.92 2607.8 12140.448 1600.04 
Operation data record 15/5/2012 – 5/9/2014 1/1/2012 – 5/9/2014 10/10/2012 – 26/8/2014 11/5/2013 – 28/8/2014 
Maintenance record 
i) 27/12/2010 - 
26/12/2012 extended to 
2/2/2013 
i) 27/12/2010 - 
26/12/2012 extended to 
30/4/2013 
i) 11/2/2011 - 10/2/2013 
extended to 27/7/2013 
i) 12/5/2011 - 11/5/2013 
extended to 18/12/2013 
ii) 8/9/2014 - 7/1/2015 ii) 8/9/2014 - 7/1/2015 ii) 8/9/2014 - 7/1/2015 ii) 8/9/2014 - 7/1/2015 
        
        
Additional information     
Some modification on 
electrical circuit at solar 
PV structure for 
additional lights, use for 
badminton court lighting 
School has no teachers 
quarters 
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School name SK Kenang-kenangan SK Litang SK Golong SK Lung Manis 
School information         
Coordinate N5.3, E117.26 N5.327, E118.4989 N6.53, E117.3 N5.7, E117.7 
Elevation 38 m 13 m 11 m 51 m 
Teachers / staffs 12 / 2 15 / 2 11 / 5 12 / 6 
Students 57 64 95 185 
School buildings (old / 
new) 8 / 1 11 / 1 13 / - 12 / 2 
Records         
Examination 2005 - 2013 2011 - 2013 2005 - 2013 2005 - 2013 
Student Attendance Jan 2012 - Jul 2014 NO NO Jan 2014 - Aug 2014 
Teachers transfer 2005 - 2014 2010 - 2014 2011 - 2014 2009 - 2013 
Previous energy generation 
School used centralized 
diesel generator by 
SESB in 1998 for 3 
years 
NO 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
Grid electricity availability NO 
Infrastructure for 
centralized diesel 
generator in progress 
NO. Nearest in 28 km Grid electricity available at village in Dec 2011 
System observation         
System operation start date 06/04/2012 13/02/2011 14/5/2011 05/11/2011 
Solar PV Light dirt and soiled on PV panel edge 
Light dirt and soil and 
bird drop 
Heavily soiled, dirt and 
bird drop. Discolouration 
(cell and gridlines) 
Light soil and dirt. 
Backsheet delaminated 
(1 panel). Manufacturer 
defect (gridlines - 6 
panels). Dark 
discolouration on Busbar 
(1 panel). Gridlines 
break (1 panel). Light 
discolouration (gridlines 
- 30 panels).  
Battery 
Measured at > 2.0 Vdc 
per cell, physically 
covered with dust 
Measured at > 2.0 Vdc 
per cell, physically 
covered with dust 
Measured at > 2.0 Vdc 
per cell, physically 
covered with dust 
Measured at > 2.0 Vdc 
per cell, Physically 
covered with dust. Two 
banks have higher 
voltage due to one 
inverter cluster not in 
operation 
Inverter 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. One inverter is 
turned off due to 
temperature sensor 
failure 
Diesel generator 
Measured and data 
recorded. Faulty due to 
starter failure 
Measured and data 
recorded. Faulty due to 
starter failure 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. In good 
operation 
Running hours 310.7 1837 919 247.3 
Diesel quantity 
remaining during field study 1,600 liter 
180 liter (additional fuel 
bought by teachers) 
200 liter + 600 liter (new 
supplied by DEO) 1,600 liter 
System operation hours (until 
last data recorded) 19051.61 30467.6 13242.3 32771.2 
Diesel generator capacity 20 13 24 30 
Energy generated 
(approximate) 4225.52 16239.08 14998.08 5044.92 
Operation data record 
17/11/2013 – 13/8/2014 
(only met data and PV 
gen recorded) 
27/10/2011 – 3/9/2014 26/12/2012 – 14/8/2014 11/5/2013 – 27/8/2014 
Maintenance record 
i) 5/6/2012 - 4/6/2014  i) 14/2/2011 - 13/2/2013  i)15/5/2011 - 14/5/2013 extended to 6/6/2014 
i)12/5/2011 - 11/5/2013 
extended to 30/1/2014 
ii) 8/9/2014 - 7/1/2015 ii) 8/9/2014 - 7/1/2015 ii) 8/9/2014 - 7/1/2015 ii) 8/9/2014 - 7/1/2015 
Additional information       Teachers are not staying at school 
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School name SK Matupang SMK Timbua SK Sungai sungai SK Tagibang 
School information         
Coordinate N5.8, E116.82 N6.12, E116.35 N6.25, E117.37 N6.235, E116.938 
Elevation 216 m 38 m 17 m 272 m 
Teachers / staffs 19 / 3 44 / 8 17 / 7 13 / 4 
Students 144 534 280 72 
School buildings (old / 
new) 9 / 1 25 / 1 15 / - 8 / - 
Records         
Examination 2006 - 2013 2005 - 2013 2013 NO 
Student Attendance NO. Verbally 95% average 2005 - 2014 NO NO 
Teachers transfer 2009 - 2014 2005 - 2014 2010 - 2014 2007 - 2014 
Previous energy generation 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
1 unit 75 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
Grid electricity availability 
Infrastructure in 
progress. Village uses 
centralized diesel 
generator by SESB (12 
hours daily) 
Grid electricity available 
at village in 2012 NO. Nearest in 28 km NO. Nearest in 15 km 
System observation         
System operation start date 16/5/2011 26/12/2010 
11/7/2014 (TBA as the 
system is not handed 
over to the client but end 
users already used the 
electricity) 
24/5/2012 
Solar PV No problem or defect but some light soil. 
Heavy dirt, soil and bird 
drop. One panel cracked. 
Discolouration  cell (5 
panels). Discolouration 
gridlines (59 panels)  
No problem. One panel 
crack due to mishandling 
by the contractor 
Heavily soiled and dirt 
Battery 
Measured at > 2.0 Vdc 
per cell, physically 
covered with dust 
Measured at > 2.0 Vdc 
per cell, physically 
covered with dust. One 
battery has 1.4 Vdc 
Measured at > 2.0 Vdc 
per cell 
Measured at > 2.0 Vdc 
per cell, physically 
covered with dust. One 
battery has 1.4 Vdc. 12 
batteries were replaced 
on 19/3/2014. 36 
batteries have positive 
terminal move upward 
Inverter 
Measured and data 
recorded. One inverter 
has no output 
Data recorded. 
Bidirectional inverters 
failure. Total system 
shutdown since 5/4/ 
2014 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. In good 
operation 
Diesel generator 
Measured and data 
recorded. In good 
operation 
Data recorded. Cannot 
be tested as no fuel 
available 
Cannot be tested as no 
fuel available. Waiting 
for handing over date 
Data recorded. Connot 
be tested as battery is 
dead 
Running hours 128.24 1672.4 TBA 647 
Diesel storage 
remaining during field study 1,800 liter 0 liter 0 liter 0 liter 
System operation hours (until 
last data recorded) 33556.5 30067.4 - 18942.66 
Diesel generator capacity 27 33 30 30 
Energy generated 
(approximate) 2354.4864 37528.656 0 13198.8 
Operation data record 14/5/2013 – 10/8/2014 23/5/2013 – 4/4/2014 11/7/2014 – 14/8/2014 31/10/2013 – 8/6/2014 (met data recorded) 
Maintenance record 
i) 15/5/2011 - 14/5/2013 
extended to 30/4/2014 
i) 27/12/2010 - 
26/12/2012 extended to 
30/4/2013 
DLP until 2016. Exact 
date is TBA i) 25/5/2012 - 24/5/2014 
ii) 8/9/2014 - 7/1/2015 ii) 8/9/2014 - 7/1/2015   ii) 8/9/2014 - 7/1/2015 
Additional information   
Teacher’s quarters 
connected to grid 
electricity. School 
buildings (office) 
connected to grid 
electricity 
  
At least 10 houses from 
the village were 
connected without 
permission to the system. 
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School name SK Poring SK Kuala Kahaba SK Pangas 
School information       
Coordinate N5.889, E116.355 N5.01, E116.11 N5.5, E116.3 
Elevation 836 m 387 m 408 m 
Teachers / staffs 11 / 1 12 / 3 9 / 1 
Students 9 70 27 
School buildings (old / 
new) 4 /- 7 / - 7 / - 
Records       
Examination 2007 - 2013 2009 - 2013 2005 - 2013 
Student Attendance NO Feb - Jul 2014 2005 - 2014 
Teachers transfer 2008 - 2014 2009 - 2014 2010 - 2014 
Previous energy generation 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
1 unit 5 kVA diesel 
generator. Problem with 
diesel supply, O&M and 
reliability power supply 
Grid electricity availability NO. Nearest in 6 km Infrastructure is completed in June 2013. 
Grid electricity available 
at village in Dec 2009 
System observation       
System operation start date 31/12/2008 31/12/2008 31/12/2008 
Solar PV 
Snail tracks. Light 
discolouration at grid 
lines (4 panels) 
Dark discolouration of 
cell interconnect ribbon 
at all panel at 5-25% 
Light discolouration on 
cell for all panels (5-
25%). 5 strings no output 
due to connector 
problem 
Battery 
Measured. Batteries 
conditions are critical 
and replacement needed. 
Positive terminal move 
upward and one battery 
gave 0.1 Vdc 
Measured at > 2.0 Vdc 
per cell. New battery 
Valve Regulated Lead 
Acid replace on April 
2014 
Measured at > 2.0 Vdc 
per cell. Battery type 
Vented Lead Acid 
(VLA). No sulphation 
observed 
Inverter 
Measured and data 
recorded. In good 
operation 
Measured. In good 
operation 
Measured. In good 
operation 
Diesel generator 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. In good 
operation 
Measured and data 
recorded. In good 
operation 
Running hours NA. No running hour meter installed 2354.4 805 
Diesel storage 
remaining during field study 600 liter 700 liter 1,800 liter 
System operation hours (until 
last data recorded) 32697.2 NA NA 
Diesel generator capacity 12 16.5 16.5 
Energy generated 
(approximate) 0 26416.368 9032.1 
Operation data record 
4/4/2010 – 23/5/2012 
(Data logger faulty after 
24/5/2012) 
NO. Data logger is not 
installed 
NO. Data logger is not 
installed 
Maintenance record 
i) 1/1/2009 - 31/12/2010 i) 1/1/2009 - 31/12/2010 i) 1/1/2009 - 31/12/2010 
ii) 18/6/2012 - 
17/12/2012 
ii) 18/6/2012 - 
17/12/2012 
ii) 18/6/2012 - 
17/12/2012 
iii) 3/6/2013 - 2/6/2014 iii) 3/6/2013 - 2/6/2014 iii) 3/6/2013 - 2/6/2014 
iv) 3/6/2014 - 2/6/2017 iv) 3/6/2014 - 2/6/2017 iv) 3/6/2014 - 2/6/2017 
Additional information     
Only three teachers live 
at teacher’s quarters. 
Others stays in Keningau 
town 
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Appendix 6: Solar irradiation 
 
Solar irradiation at SK Poring (May 2010 to April 2011). Data lost from 1st October 2010 to 
31st October 2010. 
 
 
Solar irradiation at SK Litang (May 2012 to August 2014). Data lost in several period during 
the recorded time. 
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Solar irradiation at SK Labuk Subur (May 2013 to June 2014). 
 
 
Solar irradiation at SK Rungus Nahaba (January 2013 to May 2014). 
 
 
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
So
la
r i
rr
ad
ia
tio
n 
(k
W
h/
m
2 )
0
1
2
3
4
5
6
7
8
9
So
la
r i
rr
ad
ia
tio
n 
(k
W
h/
m
2 )
280 
 
 
Solar irradiation at SK Golong (July 2013 to February 2014). 
 
 
Solar irradiation at SK Luasong (January 2013 to August 2014). 
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Solar irradiation at SK Tg Paras (June 2012 to August 2014). 
 
 
Solar irradiation at SK Lung Manis (June 2013 to July 2014). 
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Solar irradiation at SK Matupang (June 2013 to July 2014). 
 
 
Solar irradiation at SMK Timbua (July 2013 to February 2014). 
 
 
0
1
2
3
4
5
6
7
8
So
la
r i
rr
ad
ia
tio
n 
(k
W
h/
m
2)
0
1
2
3
4
5
6
7
7/1/2013 8/1/2013 9/1/2013 10/1/2013 11/1/2013 12/1/2013 1/1/2014 2/1/2014
So
la
r i
rr
ad
ia
tio
n 
(k
W
h/
m
2)
283 
 
Appendix 7: Daily energy consumption of systems capacity greater than 30 kWp 
 
 
Daily energy consumption at SK Golong (red circle shows school holidays). 
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Figure 5.40: Daily energy consumption at SK Luasong (red circle shows school holidays). 
 
 
Figure 5.41: Daily energy consumption at SK Tg Paras (red circle shows school holidays). 
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Daily energy consumption at SK Lung Manis (red circle shows school holidays). 
 
 
Daily energy consumption at SK Matupang (red circle shows school holidays). 
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Daily energy consumption at SK Sungai sungai (red circle shows school holidays). 
 Daily energy consumption at SMK Timbua (red circle shows school holidays). 
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Appendix 8: Correlation between irradiation and daily energy consumption. 
 
Descriptive Statistics 
 Mean Std. Deviation N 
Irradiation (SK Poring) 2.0686 .58207 176
Daily energy consumption 
(SK Poring) 
13.9667 5.66402 325
Correlations 
 
Irradiation (SK 
Poring) 
Daily energy 
consumption 
(SK Poring) 
Irradiation (SK Poring) Pearson Correlation 1 .194 
Sig. (2-tailed)  .018 
N 176 149 
Daily energy consumption 
(SK Poring) 
Pearson Correlation .194 1 
Sig. (2-tailed) .018  
N 149 325 
 
Descriptive Statistics 
 Mean Std. Deviation N 
Irradiation (SK Litang) 4.0721 .96749 668
Daily energy consumption 
(SK Litang) 
49.0203 15.48097 668
Correlations 
 
Irradiation (SK 
Litang) 
Daily energy 
consumption 
(SK Litang) 
Irradiation (SK Litang) Pearson Correlation 1 .072 
Sig. (2-tailed)  .064 
N 668 668 
Daily energy consumption 
(SK Litang) 
Pearson Correlation .072 1 
Sig. (2-tailed) .064  
N 668 668 
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Descriptive Statistics 
 Mean Std. Deviation N 
Irradiation (SK Labuk Subur) 4.6629 1.13053 466
Daily energy consumption 
(SK Labuk Subur) 
29.3069 9.26707 467
Correlations 
 
Irradiation (SK 
Labuk Subur) 
Daily energy 
consumption 
(SK Labuk 
Subur) 
Irradiation (SK Labuk Subur) Pearson Correlation 1 .028 
Sig. (2-tailed)  .547 
N 466 466 
Daily energy consumption 
(SK Labuk Subur) 
Pearson Correlation .028 1 
Sig. (2-tailed) .547  
N 466 467 
 
Descriptive Statistics 
 Mean Std. Deviation N 
Irradiation (SK Rungus 
Nahaba) 
4.1513 1.14578 504
Daily energy consumption 
(SK Rungus Nahaba) 
34.2626 10.60600 504
Correlations 
 
Irradiation (SK 
Rungus 
Nahaba) 
Daily energy 
consumption 
(SK Rungus 
Nahaba) 
Irradiation (SK Rungus 
Nahaba) 
Pearson Correlation 1 .034 
Sig. (2-tailed)  .443 
N 504 504 
Daily energy consumption 
(SK Rungus Nahaba) 
Pearson Correlation .034 1 
Sig. (2-tailed) .443  
N 504 504 
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Descriptive Statistics 
 Mean Std. Deviation N 
Irradiation (SK Golong) 4.0198 1.07426 204
Daily energy consumption 
(SK Golong) 
70.8793 24.59418 204
Correlations 
 
Irradiation (SK 
Golong) 
Daily energy 
consumption 
(SK Golong) 
Irradiation (SK Golong) Pearson Correlation 1 .140 
Sig. (2-tailed)  .047 
N 204 203 
Daily energy consumption 
(SK Golong) 
Pearson Correlation .140 1 
Sig. (2-tailed) .047  
N 203 204 
 
Descriptive Statistics 
 Mean Std. Deviation N 
Irradiation (SK Luasong) 4.6018 1.04756 594
Daily energy consumption 
(SK Luasong) 
65.4325 21.08941 594
Correlations 
 
Irradiation (SK 
Luasong) 
Daily energy 
consumption 
(SK Luasong) 
Irradiation (SK Luasong) Pearson Correlation 1 .145 
Sig. (2-tailed)  .000 
N 594 594 
Daily energy consumption 
(SK Luasong) 
Pearson Correlation .145 1 
Sig. (2-tailed) .000  
N 594 594 
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Descriptive Statistics 
 Mean Std. Deviation N 
Irradiation (SK Lung Manis) 4.3175 1.02545 424
Daily energy consumption 
(SK Lung Manis) 
61.7249 22.87908 424
Correlations 
 
Irradiation (SK 
Lung Manis) 
Daily energy 
consumption 
(SK Lung 
Manis) 
Irradiation (SK Lung Manis) Pearson Correlation 1 .070 
Sig. (2-tailed)  .153 
N 424 424 
Daily energy consumption 
(SK Lung Manis) 
Pearson Correlation .070 1 
Sig. (2-tailed) .153  
N 424 424 
 
Descriptive Statistics 
 Mean Std. Deviation N 
Irradiation (SK Sungai 
sungai) 
5.3760 1.57531 211
Daily energy consumption 
(SK Sungai sungai) 
107.4224 34.80885 212
Correlations 
 
Irradiation (SK 
Sungai sungai) 
Daily energy 
consumption 
(SK Sungai 
sungai) 
Irradiation (SK Sungai 
sungai) 
Pearson Correlation 1 .142 
Sig. (2-tailed)  .039 
N 211 211 
Daily energy consumption 
(SK Sungai sungai) 
Pearson Correlation .142 1 
Sig. (2-tailed) .039  
N 211 212 
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Descriptive Statistics 
 Mean Std. Deviation N 
Irradiation (SMK Timbua) 4.3536 1.08242 241
Daily energy consumption 
(SMK Timbua) 
141.0853 32.13530 243
Correlations 
 
Irradiation (SMK 
Timbua) 
Daily energy 
consumption 
(SMK Timbua) 
Irradiation (SMK Timbua) Pearson Correlation 1 .074 
Sig. (2-tailed)  .251 
N 241 241 
Daily energy consumption 
(SMK Timbua) 
Pearson Correlation .074 1 
Sig. (2-tailed) .251  
N 241 243 
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Appendix 9: Approval letter to conduct research in Malaysia 
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